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foreword 


To  Insure  that  kvxy  materiel  and  equipment  are  capable  of  satis¬ 
factory  performance,  it  is  necessary  to  evaluate  the  effects  of  weather 
on  such  materiel .  Criteria  have  been  established  for  guidance  in  the 
desirm  of  equipment  that  will  encounter  extreme  temperatures,  rainfall, 
wind,  humidity,  and  such  weather  phenomena,  less  frequent  phenomena, 
such  as  hail  and  glaze,  are  core  difficult  to  evaluate  because  of  in¬ 
i’  requent  occurrence  and  inadequate  observation  data. 

Tables  of  days  of  hail  at  656  weather  stations  throughout  the 
world  show  the  areas  of  greatest  frequency.  The  occurrence  of  various 
sizes  of  hailstones  and  review  cf  experiments  that  show  the  approximate 
size  that  will  damage  military  equipment  are  gives,  with  theoretical  max¬ 
imum  sizes  and  speeds  cf  fall.  Photographs  are  Included  of  large  hail¬ 
stones  that  damaged  vehicles,  ar.d  accumulated  masses  of  smaller  stones 
that  blocked  roads. 
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Abstract 


Basic  information  is  provided  on  frequency  of  occurrence  and 
geographical  distribution  of  hail  throughout  the  world.  Principal 
theories  of  hail  growth  and  the  factors  which  limit  the  aarrrr:  size 
of  hailstones  ?r;  discussed.  Theoretically  the  maxima  size  of  a  single 
hailstone  Is  5.2  inches  in  diameter  and  maximum  weight  is  1.53  pounds. 
This  size  approaches  very  closely  that  of  the  largest  hailstone  offi¬ 
cially  recorded  by  the  U.S.  leather  Bureau:  5-4  inches  in  disaster  and  - 
1.5  sounds  in  weight .  .  .  .  -  .  / 

Five  tables  summarize  frequencies  of  hail  at  656  stations  tfcroughP 
out  the  world,  ana  show  that  areas  between  30°  and  50°  2-  latitude-are 
nost  affected.  Sight  aaps  covering  cast  of  the  nos-polar  continental  - 
areas  show  station  locations. 

Maximum  occurrence  of  true  hail  in  the  Suited  States  is  in  the  * 
plains  of  the  Mississippi  7alley,  and'  the  plateaus  east  of  the  Sotiqr 
Mountains.  In  this  "hail  belt,"  25  weather  stations  recorded  125  or 
more  days  of  hail  during  a  40-year  period.  Records  of  these  stations 
from  I'HiQ  tv  1949  shew,  wide  variation  from  year  to  year  at  individual 
stations,  and  between  stations  within  a  single  year.  Photographs  and 
descriptions  give  examples  of  hail  damage  and  accumulations  of  hailstones. 

Hail  is  infrequent  in  Canada  and  Mexico,  except  in  nountain  stations 
in  Mexico.  Central  Europe  experiences  moderate  saaaer  hail,  while  Great 
3ritain  and  the  Scandinavian  countries  receive  most  of  their  hail  in  tbs 
winter.  In  the  Mediterranean  area  and  Soviet  Union,  there  is  little  hail. 

Africa,  South  America  and  Australasia  receive  little  tail  except  at 
high  altitudes  and  more  southerly  latitudes,'  although  there  have  been 
freak  storms  in  those  continents  and  other  pares  of  the  world  wltfe.heayy 
resultant  damage.  India  and  northern  Japan  receive  more  hail  than  any 
other  countries  in  Asia. 

Information  is  presented  on  studies  by  the  weather  Bureau  sr.i  United 
Air  Lines  giving  the  ratio  of  thunderstorms  to  hailstones  as  around  10  to 
1,  or  less,  for  about  two-thirds  of  the  Cr.ited  States.  These  and  similar 
studies  also  show  that  a  reporting  network  of  1  weather  station  for  every 
4  square  miles  would  be  required  to  produce  representative  figures  of 
area  hail  frequency;  an  even  closer  network  would  be  needed  tc  study 
finer  details  of  individual  hailstorms  Such  a  network  of  weather 
stations  is  impracticable  because  of  the  sigh  c«st. 
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i-  rcraoEtmc* 

The  Environmental  Protection  Hesearch  St*. vision  of  the  Quartermaster 
Hesearch  and  Engineering  Coocand  is  interested  in  the  effects  of  environ¬ 
ment  on  men  and  materiel.  The  Environment al  Analysis  3rar.cn  evaluates  the 
environmental  factors  relating  to  military  needs  and  design.  In  this  con¬ 
text,  hail  is  considered  a  military  problem. 

Hail  is  an  inadequately  observed  ani  reported  weather  phenomenon. 

There  is  nc  part  of  the  world,  except  snail  areas  where  microclimatic  stud¬ 
ies  have  been  made,  where  surface  data  on  hail  storms  are  sufficient  to  give 
an  accurate  -icture  of  their  frequency  ar.d  distribution.  Even  where  hail  is 
reported,  tne  type  and  size  of  hailstone  that  falls  is  not  classified.  The 
lack  of  universal  requirement  that  observers  report  classification  of  hail 
(e.g..  graupel,  small  hail,  and  true  hail)  thwarts  any  attempt  to  draw  even 
annual  average  distribution  lines  on  ary  world-wide  scale,  '.-.'either  observa¬ 
tions  from  ocean  weather  stations  with  their  coverage  of  only  fragmentary 
portions  of  ocean  areas  tell  little  of  hail  hazards  at  sea,  alt-nough  it  is 
known  that  hailstorms  are  less  frequent  ever  the  oceans.  Important  effects 
of  geographical  differences  upon  hail-  size  and  distribution  that  are  in  need 
of  investigation  cannot  be  determined  by  analysing  the  available  frequency 
data. 

However,  useful  informa-  ion  can  be  derived  by  the  assembly  and  compila¬ 
tion  of  all  the  observations  on  surface  hall  that  are  available  around  the 
world. 

Because  the  requirement  exists  that  military  equipment  will  have  to 
overate  in  environments  wr.ere  hail  is  common,  the  proclea  of  hail  is  one  to 
be  considered  :r.  establisr.ir.g  criteria  for  military  design. 

The  information  available,  pertinent  to  an  investigation  of  the  effects 
of  hail  on  xil.tary  equipment  cn  the  ground,  consists  mainly  of  tables  of 
days  of  hail  for  656  veatner  stations  throughout  the  world  (Appendix  A). 
There  are  also  tables  of  days  of  hail  ar.d  thunderstorms  for  C5  stations  in 
the  "nited  ftat.es  that  had  the  creates!  hail  frequer.cy  during  a  AC -year  per- 
ioc.  Acccur.ts  of  loss  and  illustrations  of  destructive  hailstorms  that  have 
d  maced  stationary  ar.d  mccile  equipment  are  included  in  this  report. 

Although  the  study  of  hail  is  a  microclimatic  problem  that  cannot  be 
ad? ru -rely  solved  witnout  closer  r.etwo res  of  radar  detection  ar.d  surface  re- 
por*  in.-  station?,  tnis  report  should  be  an  aid  in  answering  general  inquires 
and  in  delineating  are3s  of  Greatest  hail  frequency  anywhere  in  the  world.. 


...  1 VCes 

Hail  is  usually  classified  in  three  tyres:  "graupel"  or  soft  hail, 
small  hail,  sr.d  true  hail.  Soft  hail  and  snail  bail  often  occur  -without 
thunder,  and  generally  in  winter  norths  or  in  high  latitudes.  Soft  hall 
is  usually  accompanied  by  snow  and  is  crumbly;  it  ranges  in  sice  from 
coarse  shot  to  small  peas.  7ery  little,  if  any,  damage  results  frcm  soft 
hail.  Small  hail  is  harder  than  soft  hail,  but  because  of  its  size,  rang¬ 
ing  from  only  about  .0?  to  .2  inch  in  diameter,  causes  no  appreciable 
amount  of  damage.  The  only  type  cf  hail  to  be  considered  from  the  stand¬ 
point  of  destruction  is  that  larger  than  21  inch  in  diameter  —  true 

h? 11. 5° 

True  hail,  the  tyre,  with  which  this  report  is  mainly  concerned,  falls 
almost  exclusively  in  violent  *' t~-'dwrstoras,  but  never  when  surface  air 
temperature  is  below  freezing.^ 

The  type  of  hail  to  fall  generally  depends  upon  the  altitude  of  the 
0°  C  isotherm-  If  the  isotherm  is  close  to  the  ground,  either  small  hail 
or  graupel  is  formed.  If  it  is  higher,  above  approximately  4  km-  (2.5  mi) 
with  surface  temperatures  in  the  30*s  (7)  (26. 7°  to  31-7°C;and  canal aniabae 
clouds  present,  true  hail  is  likely.  When  the  isotherm  is  still  higher  as 
in- tropical  regions,  and  after  midsummer  in  the  temperate  zones,  hail  seldom 
reaches  the  ground.  This,  some  meteorologists  claim,  explains  t*e  relative 
scarcity  of  hail  in  the  tropical  regions  and  in  lew  latitudes.26  The  ex¬ 
cessive  heat  In  the  lower  layers  of  the  at  cosphere  melts  the  hailstones  be¬ 
fore  they  reach  the  surface.  True  hail  is  developed  only  when  the  cumulus 
cloud  penetrates  the  O3  C  isotherm  and  extends  upward  to  about  the  -2D°  C 
level,  thus  insuring  the  formation  of  super-cooled  droplets,  ice  crystals, 
and  snowflakes.  Hydrometer: s  in  one  or  mere  of  these  forts  are  necessary 
for  formation  of  all  types  of  hail. 

3.  Occurrence 


Hail  occurs  under  two  general  conditions,,  either  during  instability 
showers  in  a  single  air  mass  or  during  fronts.!  activity  between  two  or  more 
air  masses.  Frcnttl  activity  in  the  spring  causes  the  annual  maximum  oc¬ 
currence  which  diminishes  gradually  as  convective-type  suarer  storms  take 
over. 


Frontal  activity  of  ths  cold-front  type  is  cost  productive  of  hail;  the 
most  popular  breeding  grounds  are  the  squall-line  area  of  the  active  cold 
front.  As  the  squali-line  weather  is  caused  by  convergence  rather  than  pure 
lifting  by  the  front,  it  results  in  the  possibility  cf  the  rapid  vertical 
divergence  necessary  for  the  development  of  cumulonimbus  clouds  and  hail. 


Instability  showers  generally  occur  as  two  different  types:  afternoca 
convective  or  "heat"  showers,  and  those  resulting  from  orographic  lift. 
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TV  convert ive  storm  is  developed  from  heat  given  off  by  the  aarth’s 
surface  due  to  solar  radiation,  which  causes  or.  unstable  condition  with 
warm  air  under  cold  air-  The  orographic  type  of  instability  shower  oc¬ 
curs  when  air  moves  up  a  slone  to  the  cooling  level  of  condensation.^ 

A  hailstorm  is  usually  of  tbe  same  duration  as  a  beat  shower,  last¬ 
ing  ut>  to  approximately  30  minutes,  with  about  15  minutes  as  an  average. 

The  area  covered  by  an  intense  hailstorm  varies  considerably,  but  the  more 
severe  storms  often  extend  over  1  to  2  square  miles.  Damaging  hailstorms 
may  occur  any  time  during  the  24  hours,  but  most  occur  between  1500  and 
2100  hours. *• 

4.  Formation 

Hail  may  be  considered  in  two  classes  according  to  hardness  of  cen¬ 
ters:  soft  (graupel)  and  solid  ice.  It  is  generally  accepted  that  a 
solid  ice  center  results  from  the  development  of  a  water  droplet,  which  is 
carried  aloft  by  vertical  currents  into  a  region  where  temperatures  well 
below  freezing  change  it  fro s  a  supercooled  drop  to  a  frozen  pellet  which 
becomes  the  nucleus  of  a  hailstone.  Soft-centered  hail  rrobably  starts  as 
a  snow  or  ice  crystal  which  collides  with  super-cooled  droplets  to  form  a 
graupel  or  soft-hail  nucleus. 

There  are  three  principle  theories  on  the  actual  growth  of  hailstones: 
tbe  multiple-lift  method,  proposed  by  Humphreys,  Srart ,?  and  Irimminger:!® 
the  long-fall  method, . favored  Jry  Steers. *  Schumann, ^5  and  fiilham  and  Helf;^ 
and  a  combination  of  the  two.-^ 

The  mult  trie- lift  theory  presupposes  high  vertical  velocities  which 
raise  larte  crops  high  above  the  0°C  isotherm,  to  forr.saall  hailstones.  The 
stones  fall  out  of  this  upper  region,  hit  another  updraft,  and  are  carried 
back  to  the  uorer  freezing  levels.  The  layer  structure  of  the  concentric 
spheres  (Figs.  1  and  2'  is- explained  by  several  repetitions  of  the  process. 
This  theory  assumes  there  are  air  velocities  capable  of  stepping  the  fall  of 
hailstones  as  large  as  ’  or  t  inches  (7.62  or  10,16  cm)-  in  diameter  and  lift¬ 
ing  them.  IXiring  tbe  growth  of  the  hailstone,  it  drops  from  the  ice-crystal 
level  down  through  the  super-cooled  area,  building  up  a  translucent  shell. 

A  stronger  current  in  the  form  of  a  gust  blows  the  stone  up  again  into  tha 
area  of  ice  crystals  and  snowflakes,  where  it  is  coated  with  an  opaque  layer. 
Thus  the  number  of  layers  feund  on  a  hailstone  is  a  record  of  its  history,  as 
the  concentric  rings  in  the  cross-section  of  a  tree  trunk  are  a  record  of  its 
growth. 

The  lonz-fall  theory  presupposes  the  growth  of  tbe  hailstone  in  one 
continuous  fall,  during  which  it  captures  super-cooled  water  droplets  that 
lie  in  its  path  through  the  subfreez:ng  areas.  Tne  vertical  speeds  of  air 
need  not  be  as  great  as  those  required  by  the  multiple-lift  theory  to  build 
large  stones.  Speed  is  still  a  main  factor,  however.  The  stone  always 
continues  downward;  its  fall  may  be  slowed  almost  to  a  stop  at  times  but 

3 


Figure  1.  Hailstones  with  noncen-  Figure  2.  Hailstone  showing  concentric 
trie  rings,  Richmond,  Bigland,  ring  formation,  Iowa  City,  Iowa,  18  June 

8  July  1893  (from  Harm  and  19W)  (photo  by  C.X.  Laird  and  BJL 

Surlng*9).  Lynett). 


a  great  lift  back  to  upper  levels  Is  not  necessary.  The  most  Important  elrcum- 
stance  seems  to  be  the  concentration  of  the  ruper-cooled  droplets  between  the 
initial  point  and  the  0°  C  isotherm.  One  explanation  is  that  the  types  of  layers 
are  determined  by  the  surface  condition  of  the  stone  as  it  comes  In  Contact  with 
the  super-cooled  droplets.*® 

Humphreys’  experiments  in  wind  tunnels,  pilots’  flights  Into  thunderstorms 
during  the  I'.S.  Weather  bureau  thunderstorm  project  in  Ohio,*®  and  the  applica¬ 
tion  of  mathematical  laws  in  the  thermodynamic  (multiple-lift)  process  of  hall- 
stone  growth,  yielded  information  on  the  complexities  involved  In  producing 
hailstones  of  eyriad  shares  and  structures  (Fig.  3).  Of  considerable  Importance 
is  the  maximum  size  of  hailstone  that  can  be  formed  and  Its  terminal  velocity. 

Table  I,  rom  Bilham  and  Half,**  gives  data  on  the  aerodynamics  of  large 
hailstones.  They  set  the  theoretical  maximum  hailstone  at  about  1.5  pounds, 
with  a  diameter  of  approximately  5.2  inches. 


Silhair,  and  Belf-  drew  these  conclusions  from  their  calculations: 

(1)  There  is  a  sudden  and  very  large  increase  in  the  terminal 
velocity  when  the  hailstone  attains  a  diameter  of  about  4.5  inches. 

(2)  Hailstones  window  as  long  as  they  are  in  a  region  where 
ice  can  be  deposited;  under  otherwise  equal  conditions,  the  time  spent  in 
the  region  will  determine  the  size. 

(3)  The  time  spent  in  the  region  will  be  governed  by  the  vel¬ 
ocity  of  the  hailstone  in  relation  to  the  upward  current. 

Schumann^  considers  the  theory  of  thermodynamic  hailstone  growth.  He 
claims  that  in  the  growth  of  the  hailstone  by  the  capture  of  super-cooled 
water  drops  which  lie  in  its  path,  the  principal  factors  are  average  den¬ 
sity,  height  at  which  the  nucleus  is  formed,  average  upward  velocity  of  the 
air,  and  concentration  of  condensed  water  in  the  region  of  the  atmosphere 
where  the  temperature  is  below  0°  C.  He  also  asserts  that  the  heat  of  fu¬ 
sion  of  the  water  which  solidifies  or.  the  surface  of  the  hailstone  is 
effectively  dissipated,  partly  by  conduction  to  the  surrounding  atmosphere, 
but  mainly  by  evaporation  from  the  surface  of  the  hailstone.  However,  as 
the  stone  reaches  the  0°  C  isotherm,  it  can  no  longer  rid  itself  of  its 
surplus  heat  of  fusion,  and  thus  its  growth  and  ultimate  si:e  are  retarded. 
Schumann  concludes  that,  with  a  vertical  wind  velocity  of  only  13  mph  and  a 
concentration  of  condensed  water  of  13  gm/m’  (.35  oz/yd3)  a  hailstone  can 
be  formed  trith  a  specific  gravity  of  .6  and  diameter  of  3  inches. 

Sorson  states  that  while  the  nucleus  remains  in  the  below-freezing 

zone,  it  acquires  a  more  or  less  concentric  shell  of  rime  ice  by:  1)  fu¬ 
sion  of  coll: ding  super-cooled  water  drops,  2)  congelation  of  impinging  ice 
particles,  and  3)  sublimation  of  water  vapor.  This  theory  closely  parallels 
that  of  Humphreys. 

L.  Harrlspn^  discusses  the  effects  of  differential  liberation  of  latent 
heat  of  fusion  and  suolrnation  in  the  attending  fall  of  ice  carti- 

cles  through  a  cloud  of  super-cooled  water  droplets.  After  discussing  the 
development  of  a  cuxuliforn  cloud  into  a  cumulonimbus  and  the  formation  of 
water  droplets,  Harrison  explains  the  growth  of  hailstones  with  emphasis  on 
thermodynamic  factors.  He  states  that  two  concurrent  related  mechanisms  ex¬ 
ert.  a  profound  influence  on  thermodynamic  conditions  in  the  transformation 
to  a  cumulonimbus  cloud:  1)  liberation  of  latent  heat  of  fusion  and  2)  lib¬ 
eration  of  latent  heat  of  sublimation.  Harrison  combines  factors  of  both 
the  multiple-lift  and  long-fall  theories.  He  believes  the  region  between 
the  -t,cZ  and  the  0°  0  isothermal  layers  <u< 1  possibly  extending  downward  to 
the  4°C  layer  is  the  region  of  maximum  growth  of  hailstones.  Harrison  also 
explains  in  detail  the  action  of  liquid  and  frozen  hydrometeors  on  the  ver-  • 
tical  currents  of  a  cumulonimbus  cloud. 
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^wlola  and  Fvert'H^  discount  the  necessity  of  strong  ascending  car- 
rents  in  clouts  for  hail  formation.  They  calculate  the  time  and  speed  of 
fall  of  growing  hailstones  in  a  standard  atmosphere  at  Test.  The  tine  of 
fall  through  the  first  4  k*  (2.5mi)  is  calculated  to  be  about  5  minutes. 
They  explain  the  alternate  layers  of  opaque  and  clear  ice  as  the  result  of 
the  surface  condition  of  the  stone,  i.e.,  a  wet  surface  gives  a  transparent 
layer  and  a  dry  surface  gives  an  opaoie  layer.  They  give  a  tentative  des¬ 
cription  of  the  growth  of  large  hailstones,  explaining  hew  ascending  notion, 
turbulence,  electrical  phenomena,  hi gr.er  absolute  humidity,  and  greater 
cloud  heights  permit  growth  of  larger  hailstones.  They  claim  there  is  to 
evidence  of  vertical  currents  comparable  in  speed  with  that  of  falling 
hailstones. 

Sjyers  ani  graham  in  many  observations  of  thunderstorms  over  Florida, 
found  no  vertical  speeds  greater  tr.an  1J3  ft/sec.  However,  it  must  be  noted 
tliat  very  few  hailstones  reach  the  ground  in  Florida. 

hersor^'  states  that  the  degree  of  wetness  of  hail  is  -determined  by- 

factors  which  control  the  transfer  in  the  immediate  vicinity  of  the 
hailstone  during  its  life.  He  lists  these  factors:  1)  initial  tempera¬ 
ture,  mass,  and  physical  properties  of  the  stone,  2)  integrated  changes  in 
the  temperature,  mass,  and  physical  properties  of  the  stone  over  the  time 
considered,  3)  relative  velocities  cf  the  stone  and  surrounding  air,  4)  con¬ 
dition?  of  the  s  grounding  air,  including  temperature,  liquid  water  and 
water  vapor  content,  and  5}  pressure,  number,  size,  ma ss,  temperatu.e,  and 
impurity  concentration  of  the  drops  of  water. 

Cne  of  the  interesting  subject*  ;n  the  study  of  the  formation  of  hail 
is  the  consideration  of  the  irregular  shapes,  discussed  by  Arenberg.^-  He 
points  out  that  Harn.1-  publishing  a  rnotegrapa  of  an.  odz-shaped  hailstone, 
states  thtt  such  stones  appeared  to  be  segments  of  a  sphere,  formed  by  ex¬ 
plosions  of  balls  cf  ice  A  renter:  calculated  th*  rate  of  heat  loss  from  a 

sphere,  as *uslr.g  a  steady  state  rendition,  and  arrived  at  the  niicleus  size 
wMch  could  oe  frozen  during  a  specified  period  of  time,  loordinating  his 
theory  with  Schur.anr.'s  work,  A  renter.:  ass-uses  tne  nucleus  to  be  a  large  rain 
drop  which  has  beg.n  -o  freece.  He  also  assumes  proportions  between  solids 
ar.d  liquids  that  wulb  maintain  the  spherical  fore  Since  solid  crystals 
prevent  convection,  the  outer  layer  would  freeze  first,  loilection  of  su¬ 
per-cooled  droplet;  tv  the  outer  surface  would  maintain,  tr.e  stone’s  temper¬ 
ature  at  0C  C  throughout.  However .  further  growth  would  take  place  due  to 
conduction,  to  freeze  tie  liquid  inside.  Also,  due  to  increased  pressure, 
the  freesir*  roint  would  he  slightly  Ic-ver  at  the  center  than  at  the  sur¬ 
face.  If  a  hi: 1st ere  that  has  reachei  1*  to  2  inches  in  diameter  is  sudden¬ 
ly  tri-cfsrrrd  up. a rl  to  <»  point  vr.er"  tne  center  begins  to  freeze,  the 
charge  of  state  w^uld  ievelep  tremendous  internal  pressure.  Thus  the  stone 
wo  :ld  ecplo.de,  forming  polygonal  pyramids  with  sphere  oil  bices  (see  Fig.  3)* 
Arenberr  supports  his  conclusions  by  -using  information  cn  the  tensile 
strength,  -odulus  of  elasticity,  and  compressibility  of  ice  at  low  tempera¬ 
tures. 
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Johnson^  states  that  examination  of  some  broken  pieces  of  bill  shows 
rlainly  that  they  are  fragments  of  a  larger  spherical  stone  of  about  JO  m 
(1.1*  in)  in  diameter,  in  which  the  opaque  and  translucent  layers  alter¬ 
nated  every  2  mm  (.0?  in).  He  concludes  that  the  shattering  took  place 
at  a  high  altitude  and  was  caused  by  a  pressure  wave  set  up  by  a  bolt  of 
lightring  that  passed  near  the  hailstone  as  it  fell. 

5.  Frequency  and  Distribution 

Accuracy  in  plotting  distribution  and  frequency  of  hail  throughout  the 
world  is  limited  by  the  scarcity  of  reports  and  the  failure  to  identify  the 
types  of  hail.  However,  data  from  656  weather  stations  throughout  the  world 
have  been  tabulated  in  Appendix  A. 

Table  III  (Appendix  A)  shows  total  days  with  hail  at  220  cities  in  the 
United  States,  with  periods  of  observations  ranging  from  ?  to  40  years  (see 
Hap  4  in  Appendix  B  for  weather  station  locations). 

Average  number  cf  days  with  hail  at  436  stations  throughout  the  remain¬ 
der  of  the  world  are  shown  in  Tables  17  through  VII.  Observation  periods 
range  from  2  to  36  years:  at  some  stations  the  number  of  years  of  observation 
is  unknown  (see  Haps  4  to  8  in  Appendix  B  for  station  locations).  .. 

The  25  United  States  stations  that  have  received  more  than  25  days  of 
hail  during  a  40-year  period  were  selected  for  a  tabulation  showing  days  of 
hail  by  years  from  1940  through  1949  (Table  VIII)  and  days  of  thunderstonns 
in  the  same  years  (Table  IX). 

Tabulations  of  hail  from  hourly  observations  at  20  airport  stations 
have  been  made,  but  the  number  of  occurrences  reported  were  no  greater,  and 
in  some  locations  fewer,  than  those  received  from  4-times -daily  observations 
at  U.S.  Weather  Bureau  first-order  stations.  These  tables,  therefore,  are 
not  included  in  this  report  since  they  record  hail  only  at  the  actual  moment 
of  observation,  while  reports  from  the  regular  Weather  Bureau  stations  in¬ 
clude  accounts  of  hail  at  any  time  during  the  24  hours. 

The  records  of  days  of  hail  for  North  America  were  assembled  at  the 
U.S.  Weather  Bureau  from  published  s-jun caries,  and  where  such  summaries  were 
unavailable,  from  original  records. ****  •+*  Various  periods  of  records 

have  been  used  because  they  represent  the  only  data  that  could  be  found. 

Host  records  for  foreign  countries  stopped  during  Wo- Id  War  II  when  the  dis¬ 
tribution  of  climatic  reports  was  discontinued.  The  sources  of  data  in  the 
tables  for  areas  outside  the  United  States  are  generally  the  same  as  those 
listed  in  the  Weather  Bureau's  Index  of  Climatic  and  Weather  Data. 

Because  of  the  inadequacies  of  hail  reporting  due  to  wide  spacing  of 
stations  and  the  small  area  covered  by  a  hailstorm,  the  tables  are  presented 
as  an  indication  of  the  type  of  data  available  and  a  gjide  to  the  location 
of  the  stations  where  records  have  been  kept. 


Many  studies  containing  detailed  analyses  ami  research  have  been  made 
Xcr  Individual  countries.  These  studies,  listed  an  I  abstracted  in  Meteor¬ 
ological  Abstracts  and  Mbliograrby.  Arril  1950,  *  ar«i  not  listen  in  tbs 
references  acre,  furnish  information  on  the  techniques  employed  by  individ¬ 
ual  countries  in  meeting  their  particular  problems  of  reporting  and  ana¬ 
lyzing  hail  distribution.  Examination  of  .hese  publications  for  areas  out¬ 
side  the  United  States,  however,  shows  that  the  problems  faced  in  this 
country  exist  all  over  the  world,  and  that  no  practical  method  of  hail  re¬ 
porting  has  yet  been  employed  anywhere  except  in  isolated  microclimatic 
studies  conducted  in  selected  areas.  Toe  expense  involved  in  installing  a 
network  of  reporting  stations  that  would  provide  detailed  observations  would 
be  too  great  for  practical  return. 

The  distribution  and  frequency  of  hail  as  shown  in  the  tables,  there¬ 
fore,  must  be  interpreted  without  definition  of  type  or  size  of  hail  that 
falls.  Mecords  are  not  published  for  xany  stations  that  experience  Kail. 

It  becomes  necessary  therefore  to  substantiate  the  information  given  in 
the  tables  statements  from  researchers  who  have  had  access  to  original, 
unpublished  records.  In  many  areas  throughout  the  world  where  no  tabulated 
observations  of  hail  are  available,  written  accounts  describe  hail  occur¬ 
rences.  This  is  particularly  true  cf  desert  areas  in  Africa,  and  equatori¬ 
al  islands  in  the  Atlantic  and  Pacific  Cceans  where  hail  is  extremely 
rare. -3 ,  36,  51 

S-arawrles  and  interpretations  of  the  tables,  by  country  or  area,  are 
given  below; 

United  States  (Tabic  IT  and  Map  4) 

Ha  IT  “frequency  ani  distribution  are  covered  in  detail  by  Flora  (1956) 
who  describe;  frequency  in  mere  detail  tram  is  required'  in  this  report,  ar.i 
analyzes  hail  conditions  and  damage  to  crops  and  property,  state  by  state. 

The  tables  of  hail  in  this  report  provide  a  general  coverage  for  the 
United  S',  -tes  showing  hail  frequency  by  months  for  220  stations.  The  great¬ 
est  frequency  for  most  of  the  country  except  the  southern  states  and  Vest 
Coast  is  in  the  spring;  in  sees  of  the  Plains  states,  lews,  Minnesota,  and 
Nebraska ,  and  the  rlateaa  state  of  Vyocinc,  maximal  frequency  is  in  =id- 
susaaer.  The  Pacific  coastal  stations  experience  bail  mart  often  daring  the 
rainy  season,  Jfovember  through  March.  jTorth  Head,  Vaeh.,  had  224  hail¬ 
storms  in  a  10-year  period,  a  record  for  the  United  States.)  However,  the 
hail  that  Tails  there  is  soft  bail  or  graupel  and  therefore  is  not  damaging. 
Inland  stations  with  higher  elevations  do  have  destructive  hailstorms  that 
at  times  daxase  crops  and  prorerty. 

For  the  stations  among  the  220  in  Table  IH  that  have  had  a  total  of 
1T5  or  more  days  of  hail  in  the  40-year  period  1934  to  l'i?,  data  have  been 
tabulated  from  1940  to  1949  in  order*  to  show  the  variation  in  frequency  by 
years  (Table  Till).  At  many  of  the  stations,  such  as  Cfcaha,  Veb. ,  and 
Hapid  City,  5.D.,  where  the  10-ye.ar  total  frequency  is  low,  some  xenths 
during  the  hailstorm  season  are  fret  of  hail  for  aoe  or  sure  years.  At 
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stations  such  as  Cheyenne,  Vfyo. ,  however,  from  1  to  7  hailstorms  are 
recorded  for  June  and  July  every  year  during  the  10-year  period. 

Damaging  hailstorms  are  nost  frequent  in  the  Mississippi  Valley  plains 
states  and  the  High  Plains  east  of  the  Rocky  Mountains.  This  area  is  gen¬ 
erally  referred  to  as  the  "hail  belt"  of  the  United  States. 

Canada  (Table  IV.  Map  4) 

Hail  is  relatively  Infrequent  In  Canada.  In  the  areas  of  greatest 
frequency,  the  Prairie  Provinces  anc  the  region  of  the  Great  lakes,  an  aver¬ 
age  of  2  hailstorms  i  year 'is' experienced; 

Mexico  (Table  IV,  Map  4) 

In  Mexico,  altitude  greatly  influences  hail  frequency,  low-lying 
coastal  places  such  as  Tampico,  Salina  Cruz,  ar.d  Kazatlan  report  an  annual 
average  of  one  day  or  less.  At  mountain  stations  such  as  Mexico  City  and 
Saltillo,  both  above  6,000  feet  elevation,  the  frequency  greatly  increases; 
Mexico  City  has  an  average  of  6  days,  and  Saltillo  13  days,  per  year. 

Alaska  and  Greenland  (Table  IV,  Hap  4) 

In  these  high  latitudes,  hailstorms  occur  with  varying  frequency  from 
October  through  June.  The  hail  is  soft  hail  or  graupel,  not  damaging  to 
property.  At  Nome,  Alaska,  hail  has  been  recorded  a  total  of  only  six  times 
from  1931  to  1933,  and  then  the  falls  were  very  light.26 

Scandinavia  (Norway,  Sweden,  Denmark,  Finland)  (Table  V,  Hap  5) 

In  these  countries,  which  are  above  the  latitudes  where  true  hail  of 
destructive  sise  falls,  hail  occurrence  is  of  minor  importance.  Trondheim, 
!^>r«ay,  and  Vestervig,  Denmark,  report  13  and  10  days  a  year,  respectively, 
while  other  stations  average  1  to  3  days.  The  occurrence  is  greatest  in 
spring,  fall, and  winter  at  the  North  Atlantic  coastal  stations  when  cold* 
frontal  storms  from  the  Icelandic  quasi-permanent  low  pressure  area  occur 
frequently.  In  Sweden,  the  occurrences  noticeably  diminish  on  the  side  of 
the  mountains  protected  from  the  North  Atlantic  storms.  Finland  experiences 
hail  infrequently  but  it  occurs  in  every  month  of  the  year.  Denmark  has  a 
monthly  average  of  3  to  5  days  cf  hail  in  the  spring  and  fall  while  .in  the 
summer  it  is  practically  non-existent. 

British  Isles  (Table  V,  Map  5) 

Throughout  the  British  Isles  hail  occurs  with  varying  frequency;  a  min¬ 
imum  of  4  days  annual  average  Is  recorded  at  fork  in  northern  England  and  a 
maximum  of  28  days  at  Malin  Head  on  the  northern  coast  of  Ireland.  From 
October  through  May  the  frequency  varies  from  1  to  5  days  per  month  with 
December  and  J-jiuary  showing  the  highest  average  at  all  stations.  This 
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frequency  is  related  to  seasonal  stoma  blowing  fro*  the  Sorts  Atlantic  Ocean, 

In  the  s merer  when  the  cold  frontal  atoms  diminish,  hail  frequency  is  at  a 
minimum:  one  day  or  less  a  monta  from  June  through  September. 

Central  Europe  (France,  Belgium,  Germany,  Czechoslovakia,  Austria,  Hungary, 
Switzerland,  Poland,  Rmania)  (Table  7,  Hap  5) 

The  hall  frequency  pattern  for  France  and  Belgian  resembles  that  of  the 
British  Isles,  particularly  at  low  elevations.  There  are  fewer  hail  occur¬ 
rences  In  these  countries,  but  the  influences  producing  winter  maximum  and 
summer  minimum  are  the  same  Progressing  into  the  interior,  the  coastal 
hail  pattern  influenced  by  Atlantic  storms  changes  to  one  under  continental 
air  mass  and  land-heating  climatic  controls.  This  gradually  alters  the  sea¬ 
sonal  pattern  to  spring  or  summer  maximum  and  winter  minimum.  The  suncer 
increase  in  frequency  is  apparent  in  the  middle  European  countries  of  Austria, 
Hungary,  Rumania,  Poland,  and  Czechoslovakia. 

Mediterranean  Countries  (Spain,  Portugal,  Italy,  Turkey,  Greece,  Yugoslavia, 

Albania,  Cyprus,  southern  France,  Dodecanese  Islands. 
Israel,  Morocco.)  (Tables  7,  71  and  711,  Haps  5  and  7)  ' 

The  area  between  the  mount  air.  ranges  of  the  Pyrenees ,  Alps,  and  Caucasus 
and  tne  deserts  of  Sahara  and  Arabia  in  the  south  has  mild,  sore  or  less  rainy 
winters  and  long,  hot,  and  dry  summers  -  a  climate  usually  characterized  as 
the  "Mediterranean  type.*  Within  this  general  type  tnere  are  many  variations 
depending  largely  cn  the  topography.  Hail  occurs  costly  m  the  winter  and 
spring,  the  spring  maximum  being  acre  pronounced  m  the  European  countries 
that  border  tne  sea  on  the  west.  The  bordering  European  countries  average 
about  ?  to  5  hailstorms  per  year.  Data  for  Israel  and  Morocco  show  an  average 
of  ?  tc  3  days  per  year  In  Egypt  and  elsewhere  m  Xorih  Africa,  there  are 
many  acco  .nts  of  severe  hailstorms  where  large  hailstor.es  have  done  great  dam¬ 
age  to  property  and  caused  serious  injury  to  animals  and  rser. 

The  Azores  (Table  7,  Map  5) 

The  Azores  experience  hailstorms  in  winter.  At  Font  a  Delgada  no  hail 
occur*  from  Hay  through  September;-  at  Horta  there  is  occasional  bail  in  the 
sunaer  The  annual  average  of  3  days  is  the  same  as  that  alcng  the  coast  of 
Spain. 

U.S.S.R.  (Table  71,  Hap  5  and  6) 

Tne  average  of  nan  storms  throughout  Russia  is  1  to  2  days  per  year. 
Continental  climatic  influences  ire  apparent  in  the  hail  pattern  which  shows 
a  summer  rnaxmus  it  all  tne  stations  Since  most  of  the  area  lies  north  of 
50°N  Lat.  where  destructive  hailstorms  seldom  cccur  and  the  hail  that  falls 
is  usually  graupel,  it  is  probable  that  destruction  to  property  by  hailstorms 
is  not  a  disturbing  problem. 


Japan.  Okinawa.  Formosa  (Table  71,  Map  6) 

These  Islands  hare  a  low  frequency  cf  hail;  they  average  about  1  day 
a  year  except  for  Hakodate  and  Sapporo  in  Hokkaido  (Northern  Japan)  which 
average  12  and  7  days  respectively. 

China.  Manchuria,  Korea  (Table  71,  Map  6  ) 

Tery  little  hail  is  reported  in  China.  The  average  of  1  day  a  year 
nay  be  too  low  because  of  incomplete  records.  It  is  reasonable  to  assume, 
however,  that  it  is  of  minor  importance  in  this  area.  Manchuria  and  Korea 
average  about  2  days  of  hail  a  year,  occurring  mostly  from  spring  through 
fall. 

Chile  (Table  VII,  Map  7) 

Hail  occurrence  varies  greatly  in  Chile,  ranging  from  1  day  or  less 
annually  at  many  of  the  stations  to  7  days  at  Valdivia  and  11  days  at  Isla 
Guafo.  Prom  December  through  April  the  occurrence  is  very  rare. 

Argentina,  Bolivia.  Dr  a  guar  (Table  VH,  Map  7) 

In  Bolivia,  hail  occurrence  ranges  from  an  average  of  less  than  1  day 
to  11  days  per  year,  with  maximum  frequency  in  the  winter.  Deriego,  Uru¬ 
guay,  only  station  in  the  country  with  hail  records,  shows  an  annual  aver¬ 
age  of  4  days  of  hail;  only  April  and  October  are  free  of  hail.  Argentina 
has  an  annual  average  of  3  days;  hail  occurs  in  almost  all  months  of  the 
year. 

Brazil  (Table  VII,  Map  7) 

Brazil  has  little  hail.  An  average  of  1  or  2  days  of  hail  a  year  oc¬ 
curs  except  at  high  elevations.  At  Itatiaya  (approximately  9, OCX)  feet  ele¬ 
vation),  a  total  of  9  days  with  hail  In  6  years  occurred  from  August  through 
March.  At  Porto  Alegre  (at  sea  level),  hail  has  been  reported  only  in  May, 
with  an  annual  average  of  3  days. 

Africa  (Table  VII,  Map  7) 

Hailstones  of  great  sizes  have  fallen  in  many  parts  of  Africa,  even  in 
the  Sahara  Desert.  Hail  is  remarkably  frequent  in  the  Cape  of  Good  Hope  and 
Transvaal  (provinces  in  the  Union  of  South  Africa),  and  is  at  tines  most 
destructive. 

According  to  Brooks,^  some  of  the  hailstones  may  be  as  large  as  cricket 
balls  and  weigh  1.5  pounds  each;  they  kill  sheep  and  cows,  and  pierce  cor¬ 
rugated  iron  roof*  ?s  if  they  were  paper.  Tables  are  not  available  for  all 
sections  of  the  continent.  Por  countries  that  have  oublished  records,  the 
data  are  possibly  conservative  since  stations  are  so  far  apart. 
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Statistics  for  French  West  Africa  showing  almost  no  hail  are  not  . 
representative  of  the  area  as  a  whole;  in  regions  of  high  altitude,  the 
frequency  is  8  or  10  sterns  a  year. 

Hail  seldom  occurs  along  the  Ivory  Coast.  Bobo  Dioulasso  reports  no 
occurrence  in  6  years.  In  the  northern  part,  hail  is  occasionally  experi¬ 
enced. 

No  hail  storms  occurred  along  the  Gold  Coast  during  15  years  of  obser¬ 
vation.  The  data  at  Accra  are  representative  of  the  area  as  a  whole. 

In  Kenya,  U  days  annual  average  is  reported. 

In  Mozambique,  less  than  1  day  of  bail  a  year  occurs. 

In  French  Guinea,  less  than  1  day  of  hail  a  year  occurs. 

Australia  and  New  Zealand  (Table  Vll,  Map  8} 

According  to  Visher,^  about  one  hailstorm  a  year  is  experienced  in 
the  northern  part  of  Australia.  Hail  has  been  observed  on  very  rare  oc¬ 
casions  on  the  semi-tropical  northern  coast  of  Australia.  There  is  on 
record  a  particularly  severe  hailstorm  at  Wyndham,  December  1938,  with 
heavy  thunder,  gales,  and  large  hail.^2  At  some  distance  inland,  hail  oc¬ 
curs  more  often. 

Hailstones  are  more  frequent  in  Southern  Australia  than  in  the  north. 
The  annual  average  at  Melbourne  is  7  and  at  Adelaide  6.  Hail  along  the 
coast  is  usually  small  and  occurs  in  conjunction  with  cold  front  storms, 
usually  in  late  winter  and  early  spring.  Severe  storms  with  large  hail 
usually  occur  farther  inland  in  the  sunnier  when  thermal  thunderstorms  are 
frequent. 

New  Zealand  has  an  average  of  2  hailstorms  a  year.^  Bail  Is  not  a 
major  problem  in  any  of  the  tropical  islands  in  the  Pacific. 

r 

6.  Hailstorm  Observation 


The  study  of  hail  storms,  although  inadequately  supported  in  the  past, 
is  now  being  emphasized  with  great  determination  by  various  agencies.  One 
method  of  studying  hail  is  by  use  of  radar  and  radarscope  photographs.  The 
great  increase  in  commercial  and  military  flying  and  the  increased  speeds  of 
high-altitude  aircraft  have  concentrated  attention  on  the  analyses  of  radar- 
scope  photographs  for  the  detection  of  hail  within  storm  clouds.  The  pre¬ 
vious  inability  to  observe  hail  within  storm  clouds  now  may  be  overcome; 
certain  protuberances  and  shadings  in  the  precipdt ation  shadow  on  the  radar- 
scope  or  the  point  where  shadows  converge,  have  been  found  to  be  associated 
with  hail  formation-  United  Air  Lines  observers  in  a  study  of  the  Denver 
area  (considered  later  in  the  report)  found  significant  correlation  between 
the  "hail  finger"  protuberances  and  the  occurrence  of  hail;  researchers  at 
Massachusetts  Institute  of  Technology  are  not  so  firm  in  their  conclusions 
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since  1)  they  have  had  little  hail  to  study  in  the  Boston  area,  and  2) 
every  thunderstorm  radarscope  has  Irregularities  of  protuberances  very 
difficult  to  analyze-  Therefore,  the  only  thing  that  a  forecaster  can 
say,  even  with  the  aid  of  a  radar  screen,  is  that  there  is  a  possibility 
of  hail;  he  tea  less  assurance  of  its  occurrence  than  he  does  of  the  rain 
showers. 

Observations  made  by  the  O.S.  Weather  Bureau  thunderstorm  project1^  in 
Ohio  with  an  AS/TPS-10  radar  showed  the  most  frequent  appearance  of  the  first 
radar  echo  . t  1,000  feet  above  the  freezing  level  (about,  -2°  C).  Workman 
and  Reynolds, 53  found  in  Sew  Mexico  that  the  first-echo  received  by  an 
A!.'/APQ-13  radar  from  the  growing  cumulus  was  centered  at  about  -10®  C.  The 
discrepancy  between  these  two  is  ascribed  to  the  difference  in  detection  capa- 
ti’.itl.,-  of  the  two  sets  and  to  geographic  differences. 

Wexler,52  in  computing  the  growth  of  precipitation  particles  in  cumuli- 
fora  clouds  and  determining  thereby  the  theoretical  first  appearance  of  radar 
echoes,  found  his  theory  in  agreement  with  Workman  and  Reynolds'  observations 
on  the  behavior  of  the  first  radar  echo.  Vernier's  theory  also  explains  the 
simultaneous  ascent  and  descent  of  the  echo  after  its  first  appearance  as 
follows:  "The  echo  ascent  is  caused  by  the  detection  of  hail  at  successively 
higher  levels  in  the  cloud;  the  echo  descent  is  caused  by  the  descent  of  the 
first  detectable  hail  through  the  updraft." 

numerous  other  investigators,  among  them  Stout  and  Hiser,  33  and  H.T. 
Harrison,21  have  been  studying  the  possibilities  of  hail  detection  through 
the  interpretation  of  radar  echoes  in  thunderstorms. 

A  great  deal  of  study  is  still  to  be  done  in  the  interpretation  of  radar- 
scope  shadows  before  the  shape  and  section  of  the  storm  cloud  where  hailstones 
form  can  be  identified  in  all  regions  where  hailstorms  occur.  More  complete 
thunderstorx-hail-upper- air  observations  are  necessary  before  we  can  analyze 
other  problems  of  hailstone  development. 

Records  of  radar  detection  of  hail  are  becoming  more  numerous  with  the 
installation  by  the  Department  of  Defense  and  other  agencies  of  radar  stations 
at  airports,  weather  stations,  and  various  research  organizations.  Eventually 
it  may  be  possible  to  overcome  the  inadequacies  of  existing  surface  hail  obser¬ 
vations  by  providing  tore  conclusive  upper  air  meteorological  observations  on 
the  characteristics  of  hailstones  as  they  fora,  so  that  size  as  well  as  fre¬ 
quency  may  be  forecast. 

Statistical  treatments  of  available  data  designed  to  arrive  at  areal  fre¬ 
quency  distributions  are  constantly  being,  refined,  tested,  and  published.  The 
testing  of  such  analyses  must  await  the  accinmlation  .of  accurate  and  more  com¬ 
plete  surface  and  radar  observations. Techniques  for  forecasting  hailstone 
size  have  been  developed  by  Fawbush  and  Miller1^  and  Foster  and  Bates. ^ 
Empirical  treatment  of  such  a  complex  problem,  however,  is  only  one  step  toward 
a  final  solution,  and  the  accuracy  of  forecasting  hail  occurrence  and  the  size 
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of  hailstones  which  may  fora  must  depend  on  additional  radar  observations  fra 
a  closer  r-t'vork  of  weather  stations „ 

Hall-thunderstorn  -Ratio 

Another  method  of  computing  possible  occurrence  of  hail  tor  any  area  is 
by  use  of  the  hail-thunderstorm  ratio.  This  ratio  as  developed  by  Shands^? 
shows  the  percentage  of  days  of  hail  in  relation  to  days  of  thunderstorm. 

Map  1  3hows  that  more  than  two-thirds  of  the  United  States  has  an  annual  hall- 
thunder  storm  ratio  up  to  10j£  (that  is,,  of  every  100  thunderstorms,  10  are  ac¬ 
companied  by  hail).  About  one-third  of  the  country  has  a  ratio  up  to  5& 
Records  from  217  Weather  Bureau  first-order  stations  were  used  in  arriving  at 
these  ratios.  There  are  occurrences  along  the  Pacific  Coast,  mentioned  by 
Shands,  and  in  the  mountains  of  the  Denver  area*  where  the  ratio  of  hail  days 
to  thunderstorm  days  exceeds  100%,  and  two  stations  in  Washington  state  where 
it  exceeds  1*00%  (see  Tables  711 1  and  IX).  This  indicates  that  hailstones 
occur  in  meteorological  conditions  other  than  those  associated  with  thunder¬ 
storm  cloud  formation. 46 
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The  hail-thunderstorm  ratio  is  a  good  guide  in  determining  ground  expo- 
in  the  Central  Plains.  However,  the  ratio  may  be  distorted  in  higher 
areas  where  the  topography  influences  the  vertical  cloud  structure- 


United  Air  lines  Hailstorm  Study 

In  1949  United  Air  lines  began  a  microstudy  of  hailstorms  in  -the  Denver 
area  by  setting  up  at  random  11  reporting  stations;  there  was  already  a  U.S. 
Weather  3ureau  station  in  the  city. 


Figure  4  shows  the  con»arison  between  the  Weather  Bureau  data  for  days 
with  hai  1  .mi  thunderstorms,  and  the  United  Air  Lines  "unofficial  network* 
data,  in  the  Denver  area  1949  through  1955.  during  the  5  .months  of  the  year 
when  hail  occurs. 


During  the  first  year  of  this  studf#  with  an  11-station  network,  the 
ratio  of  "area'  reporting  of  hail  to  "point"  reporting  was  *:1;  that  is, 
there  were  7  times  as  many  hailstorms  reported  by  the  11  stations  as  were 
recorded  at  tne  Weather  Bureau  station.  In  1950  the  United  Air  lines  net¬ 
work  was  expanded  l-om  11  to  49  stations.  However,  contrary  to  expectations, 
during  the  period  1950-55,  there  was  no  increase  in  the  ratio.  The  tabulation 
below  shows  the  area  frequency  vs.  point  frequency  of  hail  during  the  7-year 
study. 
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AccortHw'  to  3eckwitk,2  the  low  ratios  of  1953  and  1954  were  coincident 
with  dry  sewers;  the  relatively  1®“  ratios  of  1951  and  1955  the  result 
of  a  high  incidence  or  hail  at  the  father  3areau*s  station. 

Tbint  reporting  act  other  stations  in  the  network  falls  in+o  a  pattern 
consistent  with  the  official  frequencies  as  illustrated  in  the  above  table. 

For  an  identification  of  the  grids  representing  t-square-caile  areas  that  were 
used  in  the  unofficial  hail  reporting  network  for  the  Denver  area,  see  >Iap  2. 

If  individual  stations  other  than  the  official  Vfeather  Bureau  station  are  used 
as  the  bare  for  an  area-to-point  ratio  of  hail,  results  are  not  significantly  . 
changed  (Table  IT  and  -Map  2) 
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Map.  2  inofficial  hail  reportin’  network  for  Denver  area  1949-1955-  Grids 
w*th  5  aad  7  years  of  data  are  cros3~h--tcr.ee.  iliac*  circles  are  reporting 
poirts  which  hare  existed  for  ere  or  rcre  hail  seasons.  3rids  representing 
Bojlder,  Jit.  7emon,  3o.nl fer,  ar.i  Buckley  Field  are  not  shown  to  scale,  but 
are  indicated  in  relation  to  the  intersect  ion  of  Colfax  Avenue  and  Broadway. 
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TABLE  IJ:  Comparison  of.  Area  with  Point  Reporting,  Selected  Stations. 


Crid 

(Resorting  Station) 

C-9  (Weather  Bureau) 

2-11  (Navy,  Buckley  Field) 

0-9 

2-7 


*No  data 


Number  of  Hail  Day: 
1949  1?50  1931  1952  1953 

4  3  9  2  7 

8  5  6  3  5 

#*837 
6  5  10  3  2 

*  3  9  2  4 


Average  Area-to- 

mk 

mi 

Point  Ratio 

4 

9 

4.3:1 

2 

3 

5.1rl 

4 

10 

3.3:1 

1 

• 

5.0:1 

1 

7 

5.0:1 

Estimates  have  been  made  by  earlier  investigators  and  United  Air  Lines 
that  1  installation  for  each  4  square  miles  would  be  necessary  to  produce 
reliable  figures  for  area  hail  frequency.  The  cost  of  equipping  and  main¬ 
taining  such  a  close  network  over  a  large  area  would  be  prohibitive.  An 
even  greater  density  of  reporting  stations  would  be  required,  however,  for 
studying  the  finer  details  of  individual  hailstones  such  as  size,  distribu¬ 
tion,  and  the  dimensions  of  hailstone  patterns.  Accuracy  of  reporting  at 
present  appears  to  b*  achieved  only  under  the  controlled  conditions  of 
nicroneteorological  study. 


**.  Hailstone  Size 


Size  of  hailstones  is  of  minor  importance  to  farmers;  hail  of  small 
sice  can  be  very  iamaging,  depending  on  the  stage  of  growth  of  plants  and 
force  of  the  driving  wind.  However,  in  design  of  military  equipment,  the 
size  of  the  hailstone  is  the  most  important  factor  to  consider. 

ELiot^  reports  on  the  frequency  of  hailstone  sizes  in  597  storms  in 
India: 


Diameter  (cm)»  Frequency  (I) 


Not  larger  than  pea 
3etween  pea  and  small  lime 
Larger  than  small  lime 


<0.6 

0.6  to  3.0 
>3.0 


27 

51 

22 


*.6  cm  =  approx. .2  inch 
3  cm  -  "  1.2  inch 

He  states:  "It  is  probable  that  only  a  small  proportion  of  the  hail¬ 
storms  in  which  the  hailstones  are  of  small  size  are  reported.  The  number 
of  these  storms  given  in  the  preceding  statement  is  almost  certainly  of  no 
value  for  the  purpose  of  comparison." 
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The  frequency  of  27%  for  occurrence  of  the  siaaller-siae  hailstones 
dees  see*  too  low  in  comparison  with  the  frequencies  of  the  larger  sizes. 

Harm  and  Soring^  susmarize  the  distribution  of  hailstone  sizes  in 
Central  Europe  as  follows: 


Size 


Up  to  2  or  3  as  dia*  Up  to  2  or  3  Host  coaucn 

Pigeon  eggs  4  Especially  heavy  storas 

Hen  eggs  5  Even  heavier  storas 


It  can  be  seen  that  it  is  impractical  to  plot  distribution  of  a&sses 
or  sizes  from  this  type  of  Information. 

uerson,^  grouping  ail  the  most  coocon  ranges  of  stone  sizes  measured 
by  various  investigators  on  the  ground  shortly  after  the  fall  of  hail,  pro¬ 
duced  the  following  comparison  between  selected  regions: 


Region 

United  States 
Missouri 
Central  Europe 
France 
India 


Host  Coenon  Sizes 
cm* 

1.0  to  1.8 
0.6  to  1.3 
2.D  to  3-0 


0.5  to  2.0 
0.6  to  3-0 


Fro*  this  tabulation  it  appears  that  Central  Europe  experiences  large 
hailstones  more  frequently  than  the  areas  with  which  it  is  compared,  al¬ 
though  the  frequency  of  hailstorms  is  greater  In  the  United  States,  as 
shown  in  Tables  HI  and  T. 


However,  according  to  the  study  conducted  by  the  United  Air  Lines  in 
Denver,  the  occurrence  of  large  hailstones  is  more  frequent  than  reported. 
In  1939,  United  Air  Lines  reported  that  hailstones  the  size  of  walnuts  or 
larger  were  encountered  in  only  1  out  of  800  thunderstorms  that  occurred 
along  or  near  their  route  between  Colorado  and  Illinois.^  The  2949-55 
micrometeoro logical  study  of  hail  in  the  Denver  area  showed  39  occurrences 
of  hail  the  size  of  walnuts  were  reported  in  a  total  of  2,639  atoms. 


♦Approximate  values  in  inches  are: 
.5c*-  -2  inch 

1  ea  =  .4  ♦  - 

2  ea  *  .8  « 

3  ca  =  1.2  • 

it  a  =  1.6  * 

5  ca  -  2*0  • 
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Ffgwrw  5  shots#  frequency 
distribution  of  maximum  hail 
..  size  in  the  Denver  area  during 
the  period  cf  study,  and  Figure 
6  shows  the  hail  size  by  month 
for  the  earns  period. 

With  growing  evidence  that 
hail  exists  at  some  level  in  the 
majority  of  thunderstorms,  the 
forecaster  needs  to  estimate  the 
size  and  type  of  hailstones.  It 
is  apparent  that  the  frequency  of 
destructive-size  hailstones,  i.«.# 
the  size  of  walnuts  or  larger,  is 
much  greater  than  has  been  hereto¬ 
fore  considered. 

To  estimate  in  general  the 
frequency  of  damaging-size  hail¬ 
stones  is  an  impossibility  at  the 
present  time.  More  exhaustive  anal¬ 
ysis  of  meteorological  conditions 
that  produce  large  hailstones  is 
constantly  being  made,  so  that  the 
forecaster  or  designer  of  military 
equipment  may  in  time  be  aided  by  a 
surer  knowledge  of  the  areas  where 
these  conditions  are  apt  to  develop 
most  frequently. ^.41 

Fig.  5  Frequency  distribution  of  max-  8.  Damage 
ltnum  hail  size  reported  in  the  unoffi¬ 
cial  networic  1949-1955-  This  shows  the  Hailstorm  destructiveness  in 

number  of  cases  reported  of  each  hail-  varying  degrees  of  frequency  and 
stone  size,  the  observer  indicating  only  intensity  is  experienced  in  all  lat- 

the  largest  stones  observed  in  each  re-  itudes  of  the  earth,  from  the  trop- 

port  (courtesy  of  United  Air  Lines).  ical  to  the  Arctic,  and  in  all 

heights  from  sea  level  to  mountain¬ 
ous  elevations.  The  destructiveness 

Is  extended  to  upper  air  levels,  in  damage  to  aircraft,  occasioned  largely  by 
the  difficulty  confronting  the  forecaster  in  giving  pre-flight  advice  to  avoid 
hail. 

In  considering  the  advisability  of  establishing  criteria  for  the  design 
of  military  equipment,  it  is  necessary  to  examine  only  the  area  around  the 
world  between  30®  and  50°  If.  latitude.  This  is  the  belt  of  greatest  frequency 
and  within  this  belt  lie  the  areas  where  occur  the  greatest  damage  to  crops 
and  equipment. 
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Fig.  6  Distribution  of  hail  size  by  months,  based  on  unofficial  network 
data  1949-1955-  As  In  Fig-  5,  these  graphs  are  on  the  basis  of  the  largest 
stones  observed  in  each  incidence  of  hail  reported-  (Courtesy  of  United 
Air  lines) 


In  the  Arctic,  the  hail  that  falls  is  infrequent  and  the  hailstone  is 
usually  graupel,  cr  soft  ball,  which  can  cause  little  or  no  damage  to 
equipment. 

In  the  tropics,  destructive  hailstone  do  occur,  but  are  so  infrequent 
that  there  can  be  little  justification  for  designing  equipment  to  withstand 
the  damage  occasionally  experienced. 

The  nature  and  degree  of  dasage  caused  by  a  hailstorm  depends  on  the 
season  in  which  it  occurs,  and  local  characteristics  of  the  damaged  area. 

The  most  unfortunate  circumstance  connected  with  hailstorm  incidence  is  that 
it  occurs  with  greatest  frequency,  in  the  United  States,  during  the  season 
of  growing  and  harvesting  crops-  The  susner  is  also  the  time  when  livestock, 
machinery,  and  man’s  possessions  in  general  are  left  unsheltered  and  exposed 
outdoors.  Thus,  the  occurrence  In  this  season  results  in  increased  damage 
to  a]l  kinds  of  property. 


■Vv'r 
'  -.\VY  V-V- 
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Data  for  1940  through  1949  show  an  annual  average  property  loss 
exceeding  $5,000,000  and  annual  average  crop  damage  of  more  than 
$10,000,000  in  the  United  States.*  Of  all  the  states  suffering  damage 
due  to  hailstorms,  Iowa  consistently  reported  the  highest  losses. 

"  V  * 

Recorded  losses  from  hailstorms  in  the  United  States  are  published 
by  the  Weather  Bureau.^*  49,  49  These  data  on  damage  include  information 
gathered  by  insurance  companies  and  news-reporting  media  as  well  as  that  ... 
gathered  by  official  Weather  Bureau  stations.  It  is  reasonably  certain 
that  the  majority  of  damaging  storms  observed  have  been  tabulated  by  the 
Weather  Bureau,  and  certainly  none  of  widespread  destructiveness  has  been 
omitted.  The  amounts  of  losses  are  largely  estimates,  since  it  is  diffi¬ 
cult  to  determine  the  proportion  of  total  destruction  that  is  caused  by 
the  rain  and  high  winds  that  usually  accompany  a  hailstorm. 

Insurance  companies  have  made  careful  climatic-9tatistical  studies  of 
the  distribution  patterns  of  hail  in  order  to  establish  risk  rates. ^  In 
plotting  hail  frequencies  for  any  .year,  or  the  total  days  for  a  number  of 
years,  there  is  a  spottiness  of  pattern  that  indicates  variables  apparently 
more  important  than  frequency  in  arriving  at  a  rating  percentage.  The  data 
indicate  that  one  hailstorm  may  be  more  damaging  than  several  others,  de¬ 
pending  on  wind  force,  crop  aaturity,  size  and  number  of  hailstones,  nature 
of  the  exposed  property,  and  many  other  factors 

The  U.S.  Air  Force  makes  studies  of  hailstorm  damage  sustained  by  USAF 
aircraft.^  Map  3  shows  the  geographical  location  and  month  of  damage  to 
aircraft  by  hail  from  January  1946  through  Hay  1950.  Table  X  covers  the 
period  from  January  1946  through  Hay  194*,  and  Table  XI  ccvers  the  period 
from  June  194*  through  May  1950.  The  tables  do  not  give  losses  in  dollars, 
but  describe  weather  conditions  encountered,  and  in  Table  XI,  the  nature  of  . 
the  damage  to  the  aircraft.  In  the  first  period,  62. if  of  the  aircraft  fly¬ 
ing  through  "hailstorms  received  major  damage.  In  the  second"  period,  the 
number  was  increased  to  BIX,  So  mention  is  made  of  the  size  of  hailstones 
encountered. 


United  Air  lines  reports ihat  simulated  tests  by  the  Civil  Aeronautics 
Authority  in  Indianapolis,  Ind.,  resulted  in  evidence  that  a  hailstone  one 
inch  in  diameter  is  about  the  critical  size  between  damage  and  no  damage  to 
the  average  modern  propeller-driven  transport  airplane  at  cruising  levels. 
Speed  of  the  plane  is  an  important  factor,  but  the  hailstone  size  has  greater 
effect  ir,  determining  the  amount  of  damage.  The  CAA  tests  of  simulated  hail¬ 
stones  fired  at  a  stationary  target  produced  the  following  results: 


Hailstone 


Diameter 


Indentation  (in.)  on 
Simulated  DC-6  Wing 


3/4  ?60  None  measurable 

.  li  260  .04 

2  160  .04 


•More  than  1,400  North  Dakota  farmers  suffered  total  crop  loss  in  1957 
because  of  hailstorms. 


MML  STOW*  DAM  ACC  TO  /WCMfT 
(LOCATION  A  m*NMf 


K«P  3- 

Ketal  surfaces  of  DC-6  aircraft  stationary  on  the  ground  would  not 
ordinarily  be  damaged  by  Sail  stones  of  the  above  sixes,  because  hailstone 
speeds  are  far  below  160  aph. 

In  the  Weather  Bureaa  thanderstom  project  In  194?,^®  hail  was  en¬ 
countered  on  51  of  the  912  traverses  through  stone  in  (Mo,  the  ■arboui 
frequency  occurring  between  the  10,000-  and  15,000-foot  levels. 

9-  Unusual  Hail 


Many  accounts  of  unusual  hall  appear  In  early  literature.  Scat  are 
too  startling  to  be  accepted  as  authentic;  others  that  do  not  tax  the  limits 
of  known  physical  laws  can  be  accepted  as  credible. 

Evidence  of  prehistoric  hailstones  has  been  fomnd  by  geologists^  In 
fossil  hailstone  casts  in  coal  measures  (Fig.  7),  where  sand  or  loose  soil 
had  sifted  over  the  prints  made  (7  hall  in  soft  aid. 

Wall  in  literature 


In  early  (1295-96)  literature,  there  appeared  accounts  of  hailstones 
the  size  of  a  house*™  Such  exaggerated  reports  are  usually  brought  about 
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Fit-  7  Fossil  hailstone  casts  from 
*£atal«  South  Africa 

reliability  of  the  data  used. 


by  the  discovery  of  huge  blocks 
of  ice  on  the  ground  after  the 
hailstone  is  over.  These  "huge  - 
hailstones"  consist  of  a  number--' 
of  hailstones  tha-  have  stuck  to¬ 
gether  and  cergej  after  they  have 
fallen  in  that  state  and  thus, 
startling  "discoveries"  have  been 
reported.  There  has  never  been 
any  official  confirmation  of  such 
large  hailstones. 

The  largest  stones  that  have 
been  examined  and  officially  con¬ 
firmed  are  the  size  of  baseballs, 
and  in  rare  instances,  grapefruit. 

A  reliable  listing  of  more 
than  50  historical  hailstorms  that 
occurred  in  the  late  1700's  and 
through  the  1300’ s  in  various  parts 
of  the  world  can  be  found  in 
Russell's  boo'<-3&  These  references 
are  largely  from  physical  science 
Journals  that  have  evaluated  the 


Popular  writing  such  as  an  item  In  Ripley’s  "Believe  It  or  Not des¬ 
cribing  a  hailstone  the  size-of  an  elephant,'is  a  source  of  inaccurate  in¬ 
formation. 


An  account  of  elephant-size  hailstones  can  be  found  In  a  paper  "Remark¬ 
able  Hailstones  in  India,  March  1851  and  May  1585,"  by  3uist.  Describing 
four  occasions  on  which  remarkable  masses  of  ice  "fell"  in  India  in  the  early 
l^OO's,  -kiist  corsrents:  "These  masses  of  ice,  like  mazy  of  those  that  are 
considered  hailstones  of  the  largest  size,  have,  in  all  probability,  been 
formed  by  violent  whirlwinds  or  eddies,  and  seem  to  have  reached  the  mon¬ 
strous  dimensions  in  which  we  find  them,  either  on  their  approach  to,  or 
their  Impingement  on  the  ground:  and  the  same  thing  will  apply  to  those  of 
much  more  moderate  bulk,  and  which  are  coanonly  considered  hailstones,  though 
when  examined  they  turn  out  to  be  a  number  of  stones  aggregated  together." 


Many  of  the  masses  doubtless  owe  their  origin  to  being  blown  into  hol¬ 
lows  or  cavities  such  as  that  reported  by  Russell^  in  Belgium  in  1850;  in 
this  case  the  hailstones  were  swept  into  a  dry  well  where  they  almost  i me¬ 
diately  congealed  into  a  mass.  It  would  seam  from  this  account  and  others 
that  earlr  writers  had  crediole  explanations  for  large  hailstone  masses 
that  were  discovered  after  storms. 
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Pig,  8.  Hailstones  that  fell  at  Totter.  Hah..  7  Juty  1928. 


Hail  In  contemporary  tlase 

One  of  the  dost  remarkable  hail  falls  oa  record  1a  the  United  States  . 
occurred  at  Potter,  Cheyenne  County,  Nebraska,  oa  7  July  1928.  Here  fell 
the  largest  officially-recorded  hailstones  in  the  country  (Fig.  8).  Larger 
stones  have  been  reported  at  various  places  but  none  carried  the  authentic¬ 
ity  of  these.  Most  of  the  large  hail  ranged  froe  10  to  14  inches  in  cir¬ 
cumference  and  weighed  frea  5/8  to  l£  pounds.  The  larger  stones  were 
approximately  10  to  15  feet  apart.  The  largest  stone  recorded  during  the 
fall  was  17  inches  in  circumference  (5.41  Inches  la  oleaster)  and  weighed 
l|  pounds. 

Figures  9  through  13  show  the  extreme  site  of  hailstones  that  cease 
the  most  damage  to  equipment  on  the  ground.  Figure  14  illustrates  the  den- 
age  Inflicted  on  an  automobile  by  hailstones  of  extreme  also  (Fig.  13). 
However,  the  likelihood  of  equipment  being  struck  by  stones  the  sise  of 
baseballs  (Figs.  9  and  12)  is  only  about  once  in  5.000  hallstox 


Hariharan20  gives  an  account  of  hailstorms  in  Hyderabad  State.  India, 
that  occurred  on  March  17  and  18,  1939.  The  largest  hailstones  that  fell 
on  the  rirst  day  weighed  7$  pounds,  the  largest  on  the  second  day  weighed 
5  pounds.  The  a  tors  of  Kerch  17  affected  17  villages  la  an  area  of  JO 
square  miles,  causing  considerable  damage  to  property  and  injury  to  lisa, 
stock. 


f  ;* V  J 
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Fig.  9  Hailstone  that  fell  at 
Suitland,  Kd.,  26  May  1953 


Fig.  10  Xe&sureaent  of  hailstone 
shown  in  Figure  9 


Fig.  11  Hailstone  compared  Fig.  12  Hailstones  the  .size  of  a  baseball, 

with  a  tennis  ball,  IXirban,  Feligh,  Nebraska,  13-14  June  1950 

South  Africa,  24  June  1929 


Hailstorms  >Alcfe  are  remarkable  froai  the  standpoint  of  destructive^ 
ress  to  crops  and  other  surface  property,  need  not  always  be  characterized 
by  large  stones.  There  have  been  numerous  instances  of  damage  where  large 
areas  have  been  completely  covered  by  heavy  amounts  of  hailstones.  Fig.  15 
showing  the  deposit  of  stones  over  a  wide  area  near  Ada,  Okla. ,  on  29  Kgy 
1940,  illustrates  vividly  the  extent  of  destruction  such  a  storm  can  bring 
to  agriculture,  particularly  if  it  occurs  during  the  season  of  growing 
crops. 

The  same  type  of  storm  occurring  in  a  city  (Fig.  16)  or  military  in¬ 
stallation  way  clog  sewers,  paralyze  transportation,  damage  lights,  windows, 
roofs,  and  equipment,  and  in  general  create  temporary  havoc.  Eestructio-  of 
equinsent  would  be  secondary  to  the  more  serious  situation  of  vehicles 
blocking  hail-covered  roads  and  in  ditches  during  and  after  hailstone 
showers. 

Abstracts  of  36  articles  dealing  with  mutual  hailstorms  In  many  coun¬ 
tries  can  be  found  in  Meteorological  Abstracts  and  Bibliography; 29  some  of 
•  the  articles  report  hailstones  of  startling  size  and  destructiveness. 

The  Monthly  Weather  Review  through  1949  reported  hailstorm  occurrences 
and  gave  brief  descriptions.  From  time  to  time  since  then,  the  publication 
has  had  separate  articles  describing  hailstorms. 

10.  Conclusions 

Destructive-size  true  hail  is  most  common  in  the  zone  between  30°  .nd 
50°  Worth  latitude,  although  unusual  hailstorms  may  causa  heavy  damage  any¬ 
where  in  the  wo.'ld  except  the  polar  regions.  Hail  is  most  frequent  during 
the  winter  in  high  latitudes  am.  during  the  summer  In  lower  latitudes. 

Hailstones  have  been  found  as  large  as  5.4  inches  in  diameter  and 
weighing  1.5  pounds,  but  most  hail  that  reaches  the  ground  is  smaller  than 
1  inch  in  diameter.  The  speed  of  a  hailstone  rather  than  its  size  deter¬ 
mines  the  amount  of  damage  it  will  cause.  For  this  reason,  high-speed 
aircraft  sustain  greater  damage  than  stationary  or  relatively  slow-moving 
vehicles  and  equipment  on  the  ground. 

The  U.S.  Weather  Bureau,  the  B.S.  Air  Force,  airlines,  insurance  com¬ 
panies,  and  otner  agencies  are  actively  engaged  in  hail  research.  It 
would  be  useful  to  the  Army  to  have  additional  detailed  information  on  the 
frequency  and  distribution  of  critical-size  hailstones. 
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Appendix** 


1» 


Station 
y.o.  F.am 


TAHL-.  Ill:  Total  Days  with  Hail.  United  States  . 

Tr*.  To- 

Cbs.  Jan  Tab  Mar  Apr  Mar  Jan  Jal  Am  San  Oct  lar  Pan  tal 


110  Abilene,  Texas 

AO 

2 

4 

14 

3t 

40 

n 

4 

1 

4 

4 

4 

2154 

111  Albany,  N.Y. 

A0 

1 

0 

3 

4 

14 

9 

n 

5 

3 

1 

1 

0 

52 

112  Albuquerque,  N.M. 

12 

1 

1 

7 

t 

t 

2 

3 

4 

3 

4 

1 

3 

43 

113  Alpena,  Mich- 

AO 

0 

0 

5 

4 

13 

t 

t 

4 

t 

4 

4 

1 

41 

11A  Axarilio  Tex. 

A0 

1 

3 

3 

14 

21 

22 

4 

4 

2 

7 

5 

0  105 

115  Anniston,  Ala. 

25 

1 

5 

3 

7 

5 

5 

6 

1 

3 

1 

1 

O 

38 

Il6  Apalachicola.Fla. 

It 

0 

1 

O 

1 

0 

2 

1 

0 

1 

0 

0 

o 

4 

117  Asheville,  N.C. 

A0 

0 

2 

3 

7 

11 

11 

10 

5 

0 

0 

0 

0 

49 

ll>t  .Atlanta,  3a 

A0 

1 

4 

9 

4 

9 

7 

10 

5 

• 

3 

1 

5 

40 

119  Atlantic  City.N.J 

0 

2 

4 

1 

4 

A 

1 

2 

1 

1 

2 

1 

23 

120  Augusta.,  Ga. 

W 

0 

3 

4 

7 

2 

1 

1 

1 

1 

0 

1 

1 

23 

121  Austin,  Texas 

17 

0 

4 

4 

t 

4 

0 

0 

0 

0 

2 

3 

0 

27 

122  Baker  City,  Ore. 

3i 

0 

5 

3 

12 

20 

27 

14 

3 

7 

7 

1 

010$ 

123  Baltimore,  Md. 

A0 

3 

1’ 

5 

12 

17 

13 

4 

4 

O 

2 

0 

0 

43 

124  Bentonville,  Ark. 

1A 

3 

10 

5 

5 

8 

4 

1 

1 

0 

3 

3 

5 

a 

125  Binghanton, 

A0 

2 

0 

3 

4 

7 

15 

17 

11 

5 

5 

3 

0 

74 

126  Sirnlnehan.  Ala. 

A0 

2 

6 

12 

15 

14 

7 

3 

2 

3 

2 

2 

1 

75 

127  Bisiuark,  S.D. 

A0 

0 

0 

1 

t 

It 

23 

13 

It 

7 

0 

0 

0  100 

123  Block  Island, R.T. 

A0 

Q 

1 

3 

5 

2 

2 

1 

3 

2 

1 

4 

1 

27 

129  Boise.  Idaho 

AO 

2 

10 

23 

24 

27 

15 

2 

2 

4 

7 

12 

7143 

130  Boston,  Mass. 

A0 

0 

0 

1 

3 

5 

3 

t 

3 

1 

0. 

2 

0 

2t 

131  Broken  Arrow. Okla 

-12 

1 

3 

t 

14 

12 

3 

1 

1 

1 

2 

.0 

0 

54 

132  Brownsville,  Tex. 

21 

0 

1 

1 

1 

2 

1 

0 

,0 

0 

0 

0 

1 

7 

133  Buffalo,  X.Y. 

A0 

1 

0 

7 

7 

9 

7 

7 

5 

11 

11 

7 

0 

72 

13A  Birlirgton.  VI. 

37 

0 

0 

1 

1 

9 

4 

7 

3 

4 

1 

0 

0 

24 

135  Cairo.  Ill. 

AO 

3 

4 

17 

14 

14 

7 

3 

3 

4 

2 

1 

1 

77 

136  Canton.  !C.Y. 

37 

0 

0 

2 

t 

7 

10 

7 

4 

5 

9 

1 

0 

55 

13*7  Cape  Henry,  Va. 

35 

0 

0 

5 

7 

4 

3 

1 

3 

O 

4 

1 

0 

32 

1?«  Cane  May  M.  t. 

It 

4 

1 

5 

1 

0 

1 

1 

1 

O 

0 

2 

3 

21 

139  Charles  City  Iowa 

3? 

0 

0 

5 

14 

24 

21 

10 

7 

9 

5 

1 

0 

98 

140  Charleston,  5.C. 

A0 

0 

3 

4 

3 

3 

2 

3 

2 

1 

0 

1 

0 

22 

141  Charlotte,  N.C. 

A0 

3 

5 

ID 

4 

12 

2 

4 

4 

0 

2 

2 

2 

52 

142  Chattanooga,  Tenn 

-AO 

3 

4 

3 

13 

17 

10 

5 

4 

1 

O 

2 

1 

49 

143  Cheyenne,  Vlyo. 

A0 

0 

0 

1 

23 

82  117 

42 

51 

31 

13 

0 

0380 

144  Chicago,  Ill. 

A0 

0 

2 

3 

13 

12 

15 

3 

t 

1 

1 

4 

1 

71 

149  Cincinnati,  Ohio 

A0 

•  2 

1 

14 

17 

13 

10 

7 

3 

3 

4 

0 

1 

77 

146  Cleveland,  Ohio 

AO 

2 

2 

7 

3 

4 

10 

9 

4 

t 

14 

4 

0 

78 

14“  Columbia,  Mo. 

AC 

7 

2 

12 

23 

It 

14 

4 

3 

14 

5 

4 

3117 

1AB  Colur.bia,  S.C. 

A0 

1 

1 

0 

t 

10 

4 

4 

2 

0 

0 

1 

3 

34 

143  Coluabus.  Ohio 

40 

1 

4 

It 

11 

14 

10 

7 

3 

2 

2 

5 

0 

85 

150  Concord,  S.H. 

35 

1 

O 

2 

3 

3 

3 

4 

2 

1 

2 

1 

1 

23 

151  Concordia,  Yan. 

3? 

0 

2 

12 

14 

41 

32 

7 

12 

t 

5 

3 

3  139 

1^2  Corpus  Christ!, 

A0 

0 

4 

4 

10 

11 

0 

0 

0 

1 

1 

2 

2 
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TA3LS.II1*  (Cortt'd) 


Station 
Mo.  Nans 


Nans  ,  — •-^2^2*ri£!l?3l£HnMlH£:5l20£tNovfecta 


153  Dallas;  "ex.  35  4  20 

154  Davenport,  Iowa  40  1  1 

155  Dayton,  Ohio  9  4  3 

156  Del  Rio,  Tex.  3#  0  3 

15?  Denver,  Colo.  40  0  0 

15^  Des  Moines,  low*  40  J  2 

159  Detroit^Kicto.  40  1  3 

160  Devils  La’<e,  K.D.  39  0  0 

161  Doige  City,  San.  40  0  3 

162  Drexel,  Neb.  10  0  0 

163  IXibuque,  Iowa  40  0  1 

16*  Due  We  si,  S.C.  11-1  3 

165  Duluth,  Minn.  40  0  0 

166  EastoortjMe.  40  4  1 

167  Elkins,  V.Va.  40  2  4 

16°  HLlendale,  M.D.  U  0  0 

169  El  Faso.  Tex.  40  4  3 

170  Erie,  Penru  40  2  5 

I'd  Escanaba.  Mich.  40  0  2 

.172  Eureka,  Cal.  40  57  49 

173  Evansville,  Ind.  40  1  4 

l*7*  Flagstaff,  Aria.  f  0  O 

1^5  Ft.  Sr.ith,  Ark  40  4  4 

176  Ft /Wayne,  Ind.  32  0  3 

177  Ft.  Worth,  Tex.  40  2  9 

17«  Fresno,  Cal.  40  4  U 

179  Galveston,  Tex.  40  0  3 
190  Grand  Haven,  Mleh.27  0  1 

Id  Grand  Junction, Col40  1  1 

192  Grand  Rapids, .Hi ch  40  2  1 

193  Green  3ay,  Wis.  40  0  0 

19*  Greensboro,  3.C.  14  2  0 

195  Greensville, S.C.  21  1  2 

la6  Groesbeck,  Tex,  12  1  2 

1<»7  Hannibal.  Mo.  9  2  4  3 

1°9  Harrisburg,  Fa.  40  0  1 

199  Hartford,  Conn.  39  0  0 

190  Hatteras,  M.C.  39  0  0 

191  Havre,  Kont.  40  0  0 

192  Helena,  Mont.  40  0  0 

193  Houghton,  Mich.  900 

194  Houston,  Texas  34  4  5 


9  9 
34  9 

1  12 
7  19 

2  17 
17  24 
4  14 
0  13 
13  29 
2  10 

12  9 
0  3 
1  11 
2  5 

•  14 


a  17 

14  14 
0  1 

15  22 
4  14 

20  30 


31  7 

23  19 
10  11 
U  1 
45  33 

24  22 
12  15 
15  14 
41  44 

4  11 

25  14 

3  0 
23  16 

4  7 
20  13 

t  9 
10  4 

5  12 
14  14 

9  1 

9  10 

3  5 

17  11 

10  7 
14  11 


4  14 

4  17 


14  20 
1  11 

2  5 

1  ; 

3  10 

1  10 

2  4 


20  n 

19  9 
12  14 

3  2 

5  4 

4  2 

20  14 

10  17 

11  12 
7  0 

26  22 
35  44 
7  6 

4  2 


r  2  3 
t  4  3 
L  7  5 

L  1  2 

I  11  13 
!  4  4 

n  6 

I  21  14 
14  10 
1  0 
4  7 

3  1 

13  10 

3  1 

4  1 

4  6 

3  3 

3  4 
12  12 

0  0 
7  6 

17  15 

5  1 

10  5 

4  1 

0  0 
1  0 
2  2 
4  3 

7  2 

7  3 

1  1 
4  1 

2  0 

3  5 

4  4 

15  7 


1  0 
13  4 

42  20 

4  5 

2  0 


3  5  2 

I  5  3 

5  2  1 

I  2  1 

\  9  6 

>  14  4 

»  5  3 

>  7  2 

>  9  7 

I  5  2 

'  5  5 

.  1  1 

5  5 

1  2 
2  4 
2  0 
5  4 

12  20 

5  7 

1  4 

3  2 

13  3 

0  0 

2  3 
1  0 
1  1 
1  1 

6  4 

7  3 
9  10 

4  3 

1  0 
1  0 
0  0 
0  3 
2  3 
1  1 
0  0 
4  3 

12  4 
4  2 

0  1 


3  3  134 

5  1  106 

1  0  44 

1  1  56 

1  0  137 

1  1  134 

1  1  74 

1  0  93 

5  0  179 

2  0  41 

4  0  112 

0  1  17 

1  0  44 

2  1  33 

2  1  41 

0  0  40 

4  4  70 

4  1  45 

•  0  0  41 


15  32  244 
2  2  92 

0  0  57 
1  6  44 

0  0  42 

1  2  9» 

2  4  54 

4  0  29 

2  0  a 

1  0  75 

5  0  49 

3  0  42 
0  1  14 

1  1  24 

3  1  9 
3  0  90 

0  0  57 

2  1  57 

0  2  14 

0  0  93 

3  4  197 
0  0  42 
1  3  41 


TABLE  III:  (Cont’4) 


Station  Trs.  ~  -  T*- 


No.  Name 

Obs 

Jan 

Feb 

Ear 

Apr  May  Jun 

Jul 

Auy 

Cep  Oct 

Kor  See  tal 

195  Huron,  S.D. 

40 

0 

0 

3 

8 

28 

29 

19 

2D 

8 

3 

1 

0119 

196  Independence,  Cal  IB 

0 

0 

0 

1 

0 

2 

0 

0 

0 

1 

0 

0 

4 

197  Indianapolis,  IndtO 

2 

4 

12 

18 

21 

11 

14 

4 

4 

2 

1 

1 

% 

17tf  Iola,  Kao. 

26 

U 

4 

15 

18 

18 

12 

2 

0 

2 

3 

3 

2 

79 

199  Ithaca.  f.T. 

15 

0 

0 

1 

0 

3 

5 

6 

4 

1 

0 

0 

0 

29 

200  Jacksonville, Fla. 40 

0 

1 

2 

5 

7 

13 

2 

2 

1 

1 

0 

1 

35 

201  Jupiter.  Fla. 

7 

0 

0 

0 

2 

1 

0 

0 

0 

0 

0 

0 

0 

3 

20?  Kalisrell.  vont. 

40 

0 

0 

3 

4 

19 

25 

19 

11 

8 

3 

0 

0 

92 

203  Kansas  City.  V. :. 

40 

3 

5 

28 

35 

42 

24 

7 

a 

7 

10 

5 

1173 

204  Keokuk.  Iowa 

38 

0 

4 

15 

18 

26 

10 

7 

8 

8 

6 

7 

2111 

205  Key  West,  Fla. 

40 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

2 

2C6  F-oxville,  Tenr. 

40 

2 

4 

6 

19 

12 

16 

7 

8 

3 

3 

1 

1 

82 

207  LaCrosse.  i-.'is. 

40 

1 

0 

6 

23 

19 

15 

9 

10 

4 

7 

4 

0 

9« 

20°  lander.  *yo. 

40 

0 

0 

1 

11 

21 

If 

7 

6 

1 

0 

2 

0 

64 

20,j  Lansir.?,  vich. 

33 

0 

5 

11 

18 

13 

4 

3 

6 

2 

6 

1 

1 

72 

210  T a  Salle.  Til. 

8 

0 

1 

1 

4 

4 

1 

1 

0 

3 

1 

1 

0 

17 

21!  Lewiston, Idaho 

29 

0 

2 

9 

7 

11 

7 

4 

2 

4 

4 

0 

3 

53 

212  Lexington,  Ky. 

29 

3 

4 

5 

15 

10 

9 

6 

3 

2 

2 

0 

3 

62 

21’  Tincoln,  Ue'c. 

40 

0 

1 

15 

29 

28 

30 

13 

8 

10 

4 

3 

1 142 

?H  Little  Bock, Ark. 

40 

2 

13 

16 

24 

17 

11 

5 

2 

3 

1 

2 

2 

98 

215  Los  Arreles,  Cal. 40 

8 

10 

17 

3 

2 

0 

0 

0 

1 

0 

0 

2 

43 

216  Louisville,  Ky. 

40 

3 

3 

16 

16 

18 

9 

7 

5 

2 

0 

4 

4 

87 

217  Ludi^on,  Mich. 

20 

1 

1 

6 

2 

2 

3 

4 

1 

7 

10 

2 

1 

40 

21°  Lynchburg,  7a. 

36 

1 

1 

1 

6 

5 

10 

4 

1 

1 

0 

1 

0 

31 

m  Macon,  7a. 

40.. 

2 

3 

5- 

8 

7 

4 

7 

4 

2 

0 

0 

2 

44 

220  Madison,  W'is. 

39 

0 

1 

7 

17 

23 

10 

16 

11 

4 

4 

5 

0 

98 

22!  Marquette,  V i ch. 

40 

0 

0 

1 

3 

n 

14 

15 

7 

15 

5 

0 

0 

49 

? ?2  iror.l,  "re.  __ 

16 

0 

4 

4 

17 

11 

13 

1 

1 

2 

1 

1 

0 

45. 

223  Men  phis.  Ter.n. 

40 

3 

10 

11 

23 

10 

10 

1 

0 

3 

3 

3 

4 

81 

224  Meridian  *:ss. 

40 

2 

6 

7 

16 

5 

3 

3 

2 

0 

1 

0 

0 

45 

225  Mia-.i.  FT  a.' 

32 

0 

2 

0 

4 

4 

1 

1 

0 

1 

0 

0 

1 

14 

226  Miles  lit”,  Mont 

36 

0 

0 

3 

8 

20 

18 

13 

12 

2 

1 

0 

0 

77 

227  Milwaukee,  Vfis. 

40 

0 

3 

7 

14 

22 

14 

• 

9 

7 

5 

4 

0 

93 

22°  Minneapolis. Minn 

•40 

0 

0 

7 

9 

23 

17 

ID 

12 

10 

4 

0 

0 

92 

229  Missoula,  Mont. 

• 

0 

0 

3 

5 

2 

9 

5 

0 

1 

1 

1 

1 

28 

270  Mobile.  Ala. 

4 T 

3 

2 

6 

14 

9 

6 

1 

1 

0 

0 

3 

3 

48 

231  Modena,  Vtah 

40 

1 

9 

25 

41 

39 

15 

25 

29 

16 

16 

5 

2  223 

232  Montj'oaery,  Ala. 

40 

3 

6 

12 

12 

5 

8 

3 

0 

1 

0 

1 

0 

51 

233  Moorhead,  Minn. 

39 

0 

0 

5 

5 

16 

13 

• 

10 

6 

1 

0 

0 

44 

234  Mt . Taral pai » , Cal . 17 

15 

6 

17 

2 

2 

0 

0 

0 

0 

1 

4 

8 

57 

235  Kt.  Weather,  7a. 

9 

1 

1 

1 

2 

2 

7 

5 

2 

1 

3 

0 

0 

25 

236  Nantucket.  Mass. 

40 

0 

0 

4 

5 

3 

1 

0 

0 

1 

1 

4 

2 

21 

39 


-.V-.A  alaflAl  al -ti  V. 


TABLE  III:  (Cont'd) 


“  -*  1 “iJ  ■ *  *  »  *  •  4f*  "“o’*  *1  -  ’•”■0 


station 


40 

40 

40 

40 

35 


So.  Same  _ 

8.1. 

237  Harragansett  Pier  14 

238  Mashville,  Term.  10 

239  1»ev#  Haven,  Conn. 

240  Rew  Orleans,  La. 

241  Hew  TorSc,  N.7. 

242  Horfolt.  Va. 

243  Sorthfield,  Vt. 

244  Hortfa  Head,  Wash.  10 

245  Horth  flatte,\’eb.  10 

246  Oklahoma  Citjr.G&UO 

247  Cfcaha,  Keb.  10 

24*  Oewego,  K.T.  39 

249  Palestine,  Tex.  10 

250  Parkersburg,  7a.  10 

251  Pensacola,  Fla.  10 

252  Peoria,  Ill.  3* 

253  Philadelphia, Pa.  10 

254  Phoenix,  Aria.  10 

255  Pierre,  S.3.  2i 

256  Pittsburgh,  ?a.  10 

257  Pocatello,  Idaho  10 
253  Point  Reyes  light  ,23 

259  Port  Angeles  ./fashJl 

260  Port  Arthur,  Tex.  24 

261  Port  Crescent, Wash  12 


Trs. 

Obs.  Jan  Feb  War  Apr  May  Jun  Jul  Aax  Sep  Oct  hov  Dec  tall 


5 

1 

1 

2 

1 

0 

1 


4 

7 

1 

3 

1 

2 

0 


12  50 

0  2 


2 

1 

1 

3 

2 

1 

0 

0 


7 

2 

0 

3 

5 

6 
2 
2 


4  7  0 

19  19  14 
3  4  10 
7  U  7 
3 

5 
1 

45 
1 
27 


1  1 

0  7 

1  5 
1  5 


0 

2 

3 

1 


1 

1 

1 

1 


0 

3 

2 

1 


4 


A;A  -a -A': 


3  32 
0  0 
2  3 
0  4 

It  13 

1  0 


1 

0 


3 

1 


3 

7 

1 

♦ 

20 

12 

0 

3 

1 


4 

17 

11 

11 

7 

2 

1 

2 

1  41*? 

10 

12 

4 

7 

2 

1- 

1 

0 

0  14 

1 

4 

n 

4 

5 

2 

3 

0 

0  34 

32 

IS 

2 

0 

0 

4 

19 

40 

10  312  - 

22 

32 

28 

22 

15 

4 

3 

0 

0  134  ‘ 

32 

34 

14 

2 

3 

1 

1 

1 

3  13t  : 

30 

30 

31 

13 

9 

12 

9 

1 

3  140  t 

3 

3 

5 

4 

5 

11 

25 

It 

0  79 

19 

13 

3 

0 

2 

2 

1 

1 

2  59 

10 

21 

17 

t 

0 

0 

1 

2 

3  <e* 

30 

5 

2 

3 

0 

0 

0 

1 

3  3th 

15 

21 

9 

7 

1 

1 

3 

3 

0  ti  ; 

2 

7 

3 

3 

4 

0 

0 

1 

o  27  ^ 

7 

4 

O 

2 

3 

1 

3 

1 

4  47> 

5 

13 

13 

9 

4 

1 

1 

0 

0  49  ► 

14 

12 

12 

9 

4 

1 

1 

1 

2  72[ 

34 

42 

25 

25 

It 

15 

7 

2 

4  200  .; 

2 

0 

0 

0 

0 

1 

0 

0 

t  54 

5 

9 

1 


1 

5 

1 


0 

1 

0 


0 

0 

0 


1 

0 

0 


0 

0 

0 


0 

0 

1 


0 

0 

2 


262  Port  Huron.  Mich. 

29 

1 

3 

4 

7 

4 

5 

4 

5 

3 

4 

0 

263  Portland,  Maine 

40 

0 

0 

2 

4 

4 

3 

4 

4 

2 

4 

0 

264  Portland.  Ore. 

40 

7 

15 

40 

32 

23 

7 

0 

0 

3 

12 

10 

265  Providence.  R.I. 

39 

0 

0 

2 

3 

6 

5 

9 

3 

3 

0 

0 

266  -Tjeblo,  Col. 

39 

0 

0 

1 

14 

23 

37 

14 

9 

4 

2 

0 

267  Raleigh,  *5.C. 

40 

0 

4 

3 

7 

13 

1 

4 

4 

0 

0 

2 

2f*  Rapid  Cltv,  5.DL 

39 

0 

0 

0 

9 

33 

a 

37 

14 

4 

3 

0 

269  Reading,  Pa. 

31 

0 

2 

1 

7 

13 

5 

14 

10 

1 

3 

0 

rtZ  Red  Hluff,  Cal. 

32 

4 

7 

19 

7 

10 

4 

0 

0 

1 

1 

0 

271  Redding,  Cal. 

t 

2 

6 

9 

5 

3 

0 

0 

0 

0 

1 

1 

272  Hero,  Rev. 

3t 

1 

0 

2 

5 

14 

9 

4 

t 

4 

2 

1 

273  Richmond ,  7a. 

40 

2 

1 

7 

11 

t 

7 

4 

1 

0 

2 

0 

274  Rochester,  N.T. 

40 

0 

0 

2 

3 

9 

7 

4 

5 

9 

4 

0 

275  Roseturg.  Ore. 

40 

6 

4 

15 

32 

20 

4 

0 

0 

2 

2 

4 

276  Roswell,  H.M. 

39 

1 

2 

4 

21 

24 

14 

5 

3 

4 

9 

3 

277  Royal  Center, Ind. 

13 

1 

1 

7 

11 

7 

1 

9 

0 

0 

1 

0 

275  Sacramento,  Cal, 

40 

7 

9 

19 

10 

2 

0 

0 

0 

0 

1 

1 

10 


!*■  1 1 4  *1  as  .uti 


■im-m 

uO 


el 


-WII 


r,V-V.""*.\y 
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TABLE  III:  (Cont'd) 


Station  Trs. 

No.  N’ajne  Ohs.  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Cct  Y, ov  ] 


279  Saginaw,  Mich.  12 

0 

2 

*1 

1 

9 

3 

2 

3 

3 

3 

0 

2^0  5t.  Joseph,  Mo.  34 

1 

2 

17 

21 

26 

26 

5 

5 

11 

5 

1 

2*1  St.  Louis.  !'.o.  40 

4 

4 

19 

23 

24 

9 

8 

6 

4 

2 

3 

292  St.  Paul.  Xinn.  29 

0 

0 

4 

3 

10 

9 

5 

8 

4 

2 

0 

293  Salt  Lake  Citjrtah  40 

2 

3 

9 

20 

26 

13 

5 

16 

11 

30 

5 

2°4  San  Antonio,  Tex.  40 

3 

6 

23 

30 

23 

4 

3 

1 

1 

1 

2 

295  San  Diego,  Cal.  40 

10 

9 

12 

8 

1 

0 

0 

0 

0 

1 

3 

296  Sands  Key,  Fla.  16 

0 

0 

0 

0 

0 

0 

0 

0 

1 

a 

0 

237  Sandusky.  Chio  40  ' 

"  a 

3 

i 

14 

15 

13 

33 

9 

2 

4 

0 

233  Sandy  Hock,  N.J.  25 

0 

0 

2 

4 

3 

.2 

1 

2 

0 

0 

1 

2*9  San  Francisco, Cal. 40 

3C 

24 

29 

5 

1 

0 

1 

0 

2 

9 

6 

290  San  Jose,  Cal.  .  27 

5 

5 

7 

2 

O 

.  0 

0 

0 

0 

1 

0 

291  San  Luis  Cvisg^  23 

6 

5 

10 

0 

0 

0 

0 

0 

1 

0 

2 

292  Santa  re,  N.M.  *  38 

2 

1 

13 

19 

46 

27 

34 

23 

33 

27 

3 

293  cault  *‘Te.  40 

0 

0 

•4 

3 

4 

7 

5 

7 

7 

33 

4 

294  Savannah,  Sa.  40 

1 

3 

1 

4 

13 

5 

3 

3 

1 

1 

0 

295  Scranton,  Pa.  40 

3 

0 

6 

6 

12 

a 

8 

5 

3 

32 

1 

296  Seattle.  Wash.  40 

4 

9 

23 

17 

8 

5 

1 

1 

3 

7 

10 

297  '"heridan,  Vfyo.  36 

0 

0 

2 

14 

30 

42 

14 

11 

30 

0 

0 

29°  Shreveport,  La.  40 

7 

6 

9 

33 

8 

2 

1 

1 

1 

2 

3 

299  Sioux  City,  Iowa  40 

0 

2 

4 

18 

27 

28 

9 

30 

13 

3 

1 

300  Southeast  Faral^jn,9 

10 

5 

5 

0 

1 

0 

0 

0 

0 

0 

0 

301  Spokane,  Wash.'  *40 

1 

2 

26 

25 

42 

34 

4 

7 

6 

9 

2 

302  Springfield,  Ill.  40 

0 

5 

30 

24 

21 

15 

4 

4 

4 

0 

4 

303  Springfield,  Mo.  40 

6 

8 

24 

24 

25 

34 

9 

4 

0 

2 

7 

304  Syracuse,  X.Y.  40 

C 

1 

1 

0 

7. 

32 

31 

3 

3 

5 

1 

305  Tacona,  Wash  36 

13 

11 

22 

22 

15 

0 

0 

1 

3 

7 

8 

306  Tampa,  Fla.  40 

0 

1 

2 

3 

8 

3 

1 

3 

0 

0 

•  0 

307  Tatoosh  Is., Wash.  40 

19 

23 

27 

23 

12 

0 

2 

0 

1 

16 

35 

30°  Taylor,  Texas  29 

2 

4 

5 

16 

34 

3 

1 

2 

2 

0 

1 

30?  Terre  Haute.  Ind.  31 

0 

2 

18 

16 

34 

30 

8’ 

4 

1 

1 

2 

310  Thomasville,  Ca.  27 

0 

1 

0 

4 

3 

3 

1 

1 

1 

0 

0 

311  Toledo,  Chio  40 

0 

1 

5 

11 

31 

11 

7 

3 

0 

4 

2 

312  Tonopah,  Nev.  yj 

0 

1 

1 

1 

7 

0 

2 

2 

2 

0 

0 

313  Topeka,  Kan.  40 

2 

1 

17 

26 

21 

23 

32 

9 

33. 

9 

3 

314  Trenton,  N.J.  30 

0 

1 

5 

5 

9 

11 

8 

6 

1 

3 

0 

315  Valentine,  Neb.  40 

2 

2 

3 

9 

25 

34 

2k 

23 

7 

4 

1 

316  Vicksburg,  Miss,  40 

3 

10 

33 

20 

5 

4 

2 

2 

3 

0 

3 

317  Wagon WheelCap. Col.  3 

0 

0 

0 

0 

0 

3 

3 

5 

3 

0 

0 

319  Walla  Walla,  Wash.38 

6 

4 

20 

20 

32 

5 

2 

1 

1 

30 

5 

319  Washington,  D.C.  40 

0 

2 

4 

10 

32 

10 

7 

3 

1 

2 

1 

320  Wausau,  Wis.  yj 

0 

1 

0 

3 

9 

10 

4 

2 

3 

0 

1 

321  Wichita,  Kan.  iq 

2 

6 

17 

31 

43 

24 

8 

5 

6 

7 

4 

322  Williston,  N.D.  39 

0 

0 

1 

4 

11 

20 

25 

15 

5 

2 

0 

a 


0  43 
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TABLE  IV:  Average  Days  with  Hail,  North  America 
(excluding  United  States) 


Canada 


'’tati-'O  Yrs.  Vo- 


*’o.  ::-;.-e 

Jhs . 

.  J*r 

Feb 

Mar 

Apr  May  Jun  Jul 

Aug 

Sep  Oct 

Nov 

Dec  tal 

100  Carcross.  N.W.T. 

03 

0 

ft 

J 

0 

0 

* 

0 

0 

0 

0 

C 

P 

ft 

101  Churchill,  Man. 

n 

0 

0 

0 

0 

0 

0 

♦ 

0 

0 

0 

0 

0 

« 

1C2  Coc^ane,  Ont. 

29 

0 

ft 

ft 

« 

ft 

♦ 

* 

0 

ft 

* 

a 

ft 

1 

I"’  Ld.norton,  Alta. 

It 

0 

0 

ft 

• 

ft 

1 

1 

ft 

V 

a 

0 

0 

2 

104  Fort  *.T.ith,  N.M.T. 

23 

0 

0 

* 

* 

* 

ft 

« 

4 

ft 

c 

* 

ft 

2 

105  Vvj  °iver,  N.W.T. 

23 

0 

0 

0 

« 

ft 

• 

• 

* 

l 

* 

ft 

ft 

2 

106  (Th-s  ’‘as,  Man. 

23 

0 

0 

0 

0 

0 

0 

* 

0 

0 

0 

0 

0 

ft 

107  Victoria.  3.C. 

20 

V 

« 

« 

ft 

• 

0 

* 

0 

0 

* 

ft 

ft 

2 

1  OR  Watson  Lake,  Yukon 

5 

0 

0 

0 

0 

■e 

J. 

• 

0 

0 

0 

0 

0 

0 

1 

109  Winnipeg,  Man. 

36 

• 

0 

« 

ft 

ft 

ft 

ft 

ft 

ft 

• 

u 

0 

2 

(Ststiofs.N’o.  110  through  329  are  in  United  States.  See  TA3LE  III) 


Mexico 


-tat ‘or.  Yrs.  To- 

•Va.  Vye  O’-s.Jan  Feb  Mar  Aor  Maj  Jun  Jul  Aug  Seg  Oct  itov  Sec  tal 


330 

ruad.alajara,  Jalisco  5 

0 

0 

ft 

0 

ft 

1 

1 

1 

* 

ft 

0 

0 

3 

331 

'.uaynas ,  Sonora  5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

0 

ft 

e  > 

Jalapa  Enriques, 5 

0 

ft 

ft 

1 

ft 

ft 

0 

0 

ft 

0 

0 

0 

2 

333 

La  ’as,  Uo.ja  Cal.  3 

0 

0 

0 

0 

0 

0 

0 

ft 

ft 

0 

0 

0 

» 

’3'. 

I  eor ,  Cuan^  luato  4 

0 

ft 

ft 

ft 

ft 

ft 

1 

1 

ft 

ft 

* 

ft 

3 

3"? 

ivizatlan,  Sinaloa  4 

0 

ft 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

336 

Mexico  City.  Mex.  4 

0 

ft 

ft 

1 

ft 

1 

2 

1 

1 

ft 

ft 

• 

6 

V?7 

MT'terey,  Nuevo  Leon  2 

0 

0 

ft 

ft 

ft 

ft 

ft 

0 

ft 

0 

• 

0 

1 

Morelia,  Michoacan  5 

ft 

ft 

ft. 

ft 

1 

1 

1 

1 

# 

ft 

• 

0 

4 

339 

Cavaca,  Caxaca  4 

0 

ft 

ft 

1 

1 

ft 

0 

« 

« 

„  ft 

0 

0 

2 

340 

racv’uca  de  Coto,  5 

Hi  i algo 

ft 

ft 

ft 

1 

1 

ft 

ft 

ft 

ft 

• 

0 

ft 

3 

’41 

Cueretaro,  Ouerctaro  7 

0 

ft 

ft 

ft 

ft 

• 

ft 

ft 

• 

ft 

ft 

ft 

2 

Note:  Rar.*e  fror  .1  to  .4  is  represented  by  * 

Range  from  .5  «o  1.4  is  represented  ty  1 
Range  from  1.3  to  2.4  is  represented  by  2,  etc. 


jcivW«0&& 


Station 
So.  Same 


TA7US  1ft  Avenir  Cays  with  Rail,  forth  fanrirs 


Tts-  To- 

Oba.  Jan  Feb  ;.ar  Apr  riay  Jun  Jul  Aug  Pep  Oct  for  Pec  lal 


A  A 


'£££: 


347  Calina  Cruz, Oaxaca  300*000000000* 

343  Saltillo,  Coahlula  5*12342212110  19 

344  San  Luis  Fotosi,  4***  ***'*••  0*02 

San  Luis  rotosi  _ 

345  Tampico  ,Taa»ul  ipas  50010000000001 

346  Tuxtla  Gutierrex,  400000*000000* 

Oiapas 

347  Victoria  de  Durance,  500000010**001 

Durango 

34*  Zacatecas,  Zacatecas  6*l****«s**s»3 


Station 
Ro.  ?fawe 

349  Julianehaab 

350  Sa*Hil 

351  Sletten 

352  Srd  proven 


25  *  * 
10  *  * 
5  0* 
5  11 


0  0  0 

*0000***2  jT-rrrrc 
00  000.1101  ! -V A\V 

1100012110 


rA>V-'.irf-'A^w:VS 


Greenland 

Trs • 

Obs.Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Soy  Sec  tal 


vV-V-V-VA"-- 


r  ■ P 

>'/ A'«^*»'^A.' Jvi  vi 
*  • 


HBBaMMS' 


Lv-.-.y.  .*-va-A>Nn 


BSfflKHR 


.•AvVA-A'A-A'Ay 
.'••-•A>\>VA>\*»y- 
.-«VAvYA-.\s  .-A-. 

SyA--VA  A'A'AV 
Y  o. \U 


/.W '<-AvV:sT.*.V 

’S^>;’«'k‘ky<Vv' 


K535W3! 


TOE  V:  Average  Hays  aettli  Bail.  Strops 
Finland,  (Cont'd) 


Station 
go.  Wane 

Trs. 

Ohs. 

To— 

Jan  Feb  Mar  Apr  May  Jun  Jal  Aug  Sep  Oct  gov  Dee  t*l 

371  Joensos 

5 

♦ 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

3 

372  Jjrraskyla 

31 

* 

• 

• 

1 

1 

1 

« 

« 

1 

* 

* 

• 

5 

373  Kuopdii 

14 

• 

0 

> 

• 

• 

• 

• 

• 

• 

0 

0 

e 

2 

374  Marichaan 

14 

• 

• 

* 

0 

• 

0 

* 

« 

« 

1 

• 

« 

3 

375  Karjananlead 

12 

0 

• 

0 

0 

« 

0 

♦ 

0 

• 

0 

0 

« 

1 

376  Fecbenga 

9 

« 

1 

1 

2 

1 

1 

0 

• 

1 

1 

1 

• 

1 

377  Sodanlcyla 

25 

0 

« 

* 

1 

« 

• 

* 

* 

» 

* 

1 

* 

4 

37*  Oulu 

14 

• 

0 

• 

1 

1 

1 

•  - 

• 

• 

• 

1 

_* 

5 

379  Vaasa 

U 

* 

0 

« 

• 

• 

• 

0 

« 

1 

1 

« 

• 

3 

Station 
go.  Wage 

Trs. 

Ohs. 

British  Isles 

To- 

Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  gov  Dec  tal 

380  Birmingham 

8 

1 

1 

3 

4 

2 

1 

• 

* 

• 

1 

1 

1 

16 

301  Buxton 

59 

1 

1 

1 

1 

1 

* 

• 

• 

• 

1 

1 

1 

9 

392  Golnonell 

18 

1 

1 

1 

1 

« 

• 

0 

• 

• 

1 

1 

1 

9 

393  Cambridge 

18 

• 

1 

1 

1 

1 

• 

• 

• 

* 

« 

« 

« 

5 

384  Cardiff 

18 

1 

1 

1 

1 

1 

« 

• 

• 

« 

1 

1 

8 

385  Douglas 

59 

3 

3 

3 

2 

1 

• 

• 

• 

« 

2 

3 

3 

20 

386  Dongemsn 

43 

1 

1 

1 

1 

• 

• 

• 

« 

• 

• 

1 

-1 

7 

3*37  Falmouth 

59 

3 

3 

2 

1 

1 

* 

• 

• 

• 

1 

2 

3 

17 

388  Glasgow 

18 

3 

2 

2 

3 

2 

♦ 

s 

• 

* 

1 

1 

2 

17 

38?  Great  Yarmouth 

59 

2 

2 

2 

2 

1 

« 

• 

• 

• 

1 

1 

1 

12 

3S0  Liverpool 

59 

2 

1 

2 

1 

1 

♦ 

• 

• 

• 

1 

2 

2 

13 

391  London 

54 

• 

1 

1 

1 

1 

• 

• 

e 

• 

• 

* 

« 

6 

392  Manchester 

8 

« 

1 

1 

1 

2 

# 

• 

0 

• 

• 

2 

• 

8 

393  Oxford 

59 

1 

1 

2 

2 

1 

1 

« 

a 

# 

1 

1 

1 

11 

394  Portland  Hill 

18 

1 

1 

1 

• 

• 

0 

• 

• 

0 

• 

1 

1 

6 

395  St.  Ira's  Baad 

59 

2 

2 

1 

1 

1 

• 

0 

0 

« 

1 

1 

2 

11 

396  Sc  Illy 

59 

2 

2 

2 

1 

• 

• 

* 

0 

• 

1 

1 

2 

11 

397  Shoe bur yne as 

8 

1 

1 

1 

1 

1 

• 

* 

• 

0 

* 

1 

1 

7 

398  Spurn  Head 

8 

1 

2 

1 

2 

1 

• 

• 

• 

« 

1 

1 

2 

n 

399  Tynemouth 

59 

1 

1 

2 

2 

1 

• 

• 

• 

• 

1 

1 

1 

10 

400  fork 

18 

♦ 

• 

1 

1 

1 

* 

* 

• 

• 

• 

• 

0 

5 

401  Armagh 

59 

• 

1 

1 

2 

1 

* 

• 

• 

s 

• 

« 

• 

6 

402  3lr  Castle 

59 

1 

1 

3 

3 

2 

• 

• 

• 

• 

1 

1 

1 

13 

403  Dublin 

8 

1 

1 

2 

3 

1 

• 

• 

• 

* 

1 

1 

1 

U 

404  Malin  Head 

54 

5 

4 

4 

3 

1 

♦ 

• 

• 

• 

3 

4 

4 

28 

405  Markrel  Castle 

8 

4 

4 

* 

4 

2 

• 

• 

• 

• 

2 

3 

4 

26 

406  lochs*  s  Point 

8 

2 

2 

2 

2 

1 

• 

0 

• 

• 

• 

1 

1 

n 

407  Valencia 

59 

5 

4 

4 

2 

1 

* 

0 

• 

• 

,2 

3 

5 

26 

408  Aberdeen 

8 

2 

3 

4 

6 

2 

1 

• 

» 

• 

2 

3 

3 

26 

409  Inchkelth 

8 

1 

• 

2 

2 

1 

• 

• 

• 

0 

• 

1 

1 

8 

410  lothesay 

8 

5 

3 

2 

3 

1 

# 

• 

• 

• 

2 

3 

4 

23 

411  Stornoway 

8 

3 

3 

4 

2 

1 

• 

0 

* 

1 

1 

3 

3 

21 

412  Holyhead 

8 

3 

2 

3 

2 

1 

0 

• 

• 

1 

2 

3 

3 

20 

V  V‘\>  n>  .  ■•  ,•-  • 

2  1-  I  J  8  2  V*  A 


SX.1  i.\  «L\V.  OiVPA 


•,  \>/'0  *, 
j  * -X.jflf  * 


TABLE  Average  Days  with  Hail,  Europe  (Confc’d) 


BELGIUH  . 

Station  Yrs  To- 

So.  Sana  Ob  a  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  tal 


413  Arlon 

15 

* 

1 

1 

1 

2 

1 

1 

* 

* 

1 

ft 

i 

9 

414  Bastogne 

15 

ft 

1  • 

• 

# 

1 

1 

« 

* 

1 

* 

.ft 

i 

6 

415  Brussels 

15 

ft 

1 

1 

2 

2 

1 

1 

* 

1 

1 

4 

i 

11 

416  Furnes 

19 

1 

1 

1 

1 

1 

• 

* 

• 

♦ 

1 

1 

i 

9 

417  Iseghem 

19 

1 

1 

2 

2 

1 

ft 

# 

ft 

ft 

1 

1 

i 

10 

416  Liege 

19 

ft 

1 

1 

1 

1 

1 

ft 

ft 

ft 

1 

1 

i 

8 

419  Rons  I 

19 

ft 

1 

1 

1 

1 

« 

ft 

ft 

* 

1 

* 

i 

7 

420  Namur 

19 

ft 

1 

1 

# 

1 

1 

# 

ft 

* 

1 

0 

• 

6 

421  Seufchateau 

6 

1 

* 

2 

2 

1 

* 

1 

1 

1 

1 

* 

• 

10 

4 22  Ostende 

15 

1 

1 

1 

1 

1 

* 

* 

0 

1 

2 

1 

2 

11 

423  Spa 

13 

ft 

* 

1 

1 

1 

*  ft 

1 

# 

* 

* 

* 

« 

5 

424  Tumbout 

19 

* 

» 

1 

1 

1 

1 

ft 

ft 

* 

1 

• 

1 

7 

FRANCE 

Station  Trs  .  To- 

Sp.  Name  Ob*  Jan  Feb  Mar  Agr  May  Jun  Jul  Aug  Sep  Oct  Nov  pec  tal 


425  Algoual 

14 

0 

• 

0 

* 

1 

ft 

1 

1 

ft 

ft 

» 

• 

4 

424  Aix-en-Frovence 

14 

* 

* 

1 

1 

ft 

ft 

* 

* 

0 

ft 

* 

* 

3 

427  Angouleae 

6 

« 

1 

1 

2 

1 

ft 

* 

0 

ft 

ft 

# 

1 

7 

428  Antibes 

6 

* 

ft 

ft 

* 

ft 

ft 

0 

0 

ft 

ft 

« 

* 

2 

429  Apt 

4 

0 

* 

ft 

ft 

ft 

0 

0 

ft 

ft 

« 

0 

1 

430  Auch 

4 

ft 

ft 

0 

1 

♦ 

ft 

0 

0 

ft 

0 

0 

• 

2 

431  Avignon 

4 

• 

• 

ft 

# 

ft 

ft 

0 

• 

0 

0 

0 

0 

1 

432  Beaucalre 

10 

• 

* 

ft 

* 

ft 

ft 

e 

0 

0 

ft 

* 

* 

2 

433  Beaulieu 

13 

• 

ft 

ft 

«■ 

ft 

ft 

0 

0 

ft 

ft 

• 

« 

2 

434  Biarrit* 

4 

1 

1 

2 

2 

0 

ft 

0 

0 

1 

1 

2 

2 

12 

435  9rest 

11 

• 

• 

« 

* 

ft 

0 

0 

0 

0 

0 

* 

* 

1 

436  Cap  Bear 

u 

0 

ft 

« 

• 

ft 

0 

0 

0 

ft 

ft 

0 

0 

1 

437  Cap  Croisette 

U 

• 

ft 

ft 

» 

ft 

0 

* 

0 

ft 

0 

« 

0 

1 

438  Cape  Ferrat 

U 

* 

ft 

• 

0 

0 

ft 

0 

* 

ft 

ft 

• 

• 

1 

439  Cape  Side 

14 

• 

I 

# 

• 

ft 

0 

0 

• 

0 

ft 

1 

# 

3 

440  Cherbourg 

15 

2 

2 

2 

2 

1 

ft 

0 

# 

ft 

ft 

2 

3 

14 

441  Cuers 

14 

,  # 

# 

• 

• 

ft 

ft 

* 

* 

ft 

ft 

* 

* 

2 

442  Dunkerque 

14 

1 

1 

X 

1 

1 

ft 

« 

* 

ft 

ft 

1 

1 

7 

443  Tie  du  Levant 

5 

• 

• 

1 

2 

0 

0 

0 

0 

0 

ft 

• 

1 

2 

444  La  Roche  Yon 

14 

* 

ft 

« 

1 

ft 

0 

0 

0 

ft 

ft 

• 

* 

3 

445  1*  Havre 

15 

1 

1 

1 

1 

1 

ft 

« 

• 

ft 

1 

1 

1 

8 

446  Les  Sables- Dolor ne 

14 

1 

1 

1 

2 

ft 

ft 

0 

0 

ft 

ft 

1 

1 

8 

447  Mont  Louis 

13 

0 

0 

0 

* 

ft 

1 

1 

• 

ft 

0 

0 

0 

3 

TABUTTs  toeng*  Day*  with  Rill,  Europe 

Franc*.  (Cont'd) 


Station 
No.  Naiae 


Trs.  To- 

Otos.  Jaa  Feb  War  Apr  Hay  Jun  Jul  Aug  Sep  Oct  Way  Pec  tal 


44S  Montpellier 

14 

* 

* 

• 

• 

1 

• 

• 

• 

• 

0 

1 

• 

3 

449  Ht.  Ten tome 

•29 

0 

• 

• 

1 

1 

1 

« 

1 

« 

• 

1 

« 

6 

450  Hulhouse 

7 

0 

0 

1 

• 

• 

* 

• 

0 

• 

• 

• 

1 

3 

451  Klee 

4 

• 

« 

• 

• 

• 

« 

0 

• 

0 

• 

• 

• 

2 

452  Orange 

21 

0 

• 

* 

0 

• 

« 

0 

« 

0 

0 

m 

0 

1 

453  Perflgnan 

14 

• 

« 

« 

• 

• 

« 

* 

« 

0 

0 

0 

« 

2 

454  Polnte  de  Craves  14 

1 

1 

1 

1 

1 

» 

0 

0 

0 

• 

* 

• 

5 

455  Portiers 

14 

« 

• 

1 

2 

1 

« 

• 

• 

0 

0 

• 

• 

5 

456  Shelias 

7 

• 

« 

• 

• 

« 

♦ 

e 

« 

• 

• 

0 

2 

457  Rochefort 

15 

1 

1 

1 

2 

1 

• 

* 

• 

0 

• 

1 

1 

A 

45^  St.  Inglerert 

15 

1 

1 

1 

1 

« 

0 

• 

• 

• 

• 

1 

1 

6 

459  Touloure 

14 

« 

1 

2 

1 

• 

« 

• 

* 

1 

1 

1 

1 

9 

46 0  Vichy 

33 

• 

• 

• 

1 

1 

« 

• 

• 

* 

• 

« 

• 

4 

- 

Station 
No.  Nane 

461  Bagnr 

462  Cadagua 

463  Coruna 

464  Damius 

465  El  Pasteral 

466  Oerona 

467  Madrid 
46fl  Puiqcerda 
469  Vilada 


Station 
No.  Name 

470  Lisboa 

471  Oporto 


Ira.  To- 

Obs.  Jaa  Feb  War  Apr  May  Jun  Jul  Aug  .Sep  Oct  for  Dec  tal 


12 

• 

• 

e 

• 

• 

0 

0 

• 

0 

• 

• 

0 

1 

6 

0 

• 

0 

• 

0 

0 

0 

0 

0 

0 

• 

• 

1 

12 

1 

1 

2 

2 

« 

0 

0 

0 

0 

• 

1 

1 

8 

12 

0 

• 

1 

« 

0 

0 

* 

• 

« 

« 

0 

0 

2 

12 

0 

• 

* 

* 

• 

• 

e 

• 

0 

0 

• 

0 

2 

12 

0 

0 

• 

« 

1 

• 

0 

0 

0 

• 

0 

0 

2 

12 

• 

• 

1 

1 

1 

• 

» 

0 

0 

» 

• 

0 

4 

12 

0 

0 

• 

• 

1 

1 

1 

1 

« 

• 

* 

0 

5 

12 

0 

• 

• 

1 

* 

• 

• 

0 

» 

• 

• 

0 

3 

Portugal 


Trs. 


To- 


Ctos.  Jan  Feb  Har  Apr  May  Jun  Jul  Am  Sep  Oct  Boy  Dec  tal 

30  *111**0000**3 

15  111*100000*15 


-lores 


Station 
No.  Kane 


Trs.  To- 

Obs.  Jm  Feb  ter  Ajgr  teg  Jtej  Jul  Aug  5ej>  Oct  Boy  Dee  tal 


472  HorU  2&  ***«0*0***0'12 

473  Ponta  Del»ada  30  111*00000*1*4 


TABLE  ?:  Aver^ga  Days  with  Hail,  Europe  (Cont'd) 

Gernarur 

Station  Yrs.  To- 

32*  j»SS[>  Oba.  Jan  Feb  Har  Apr  Kay  Jun  Jul  Aug  Sep  Oct  Nov  Dec  tal 


474 

Augsburg 

10 

0 

0 

0 

* 

« 

* 

0 

0 

0 

0 

0 

1 

475 

(Tbs)  Brocken 

U 

0 

• 

e 

* 

1 

1 

1 

ft 

ft 

0 

0 

0 

4 

476 

Cologne 

10 

* 

* 

* 

0 

* 

* 

* 

0 

0 

0 

ft 

0 

1 

477 

Danzig 

7 

2 

2 

1 

1 

1 

* 

* 

ft 

1 

2 

2 

2 

14 

478 

Halle  Ad  Saale 

10 

0 

0 

* 

e 

« 

* 

» 

ft  ■ 

* 

0 

0 

0 

1 

479 

Mead 

13 

1 

• 

* 

» 

» 

* 

0 

ft 

ft 

1 

1 

1 

5 

480 

Munich 

16 

* 

0 

* 

* 

1 

1 

ft 

ft 

ft 

ft 

ft 

0 

2 

481 

Osnabruck 

5 

1 

1 

1 

1 

1 

1 

ft 

1 

0 

« 

1 

0 

8 

482 

L-'llhe  Ins  haven 

12 

* 

1 

1 

1 

1 

* 

0 

ft 

ft 

1 

1 

• 

6 

Czechoslovakia 


Station  Yrs.  To- 

No.  Maae  Oba-.  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  tal 

433  Donnersberg  20  000*111**0004 

434  lasaa  7  00001*0000001 

485  Prague  Unkwr*.  000*1****0002 

Poland 

Station  Yrs.  To. 

No.  Kaaw  Oba.  Jan  Feb  Mar  Apr  Kay  Jun  Jul  Aug  Sep  Oct  Nov  Dec  tal 


486 

Posen 

29 

• 

ft 

1 

1 

1 

# 

ft 

ft 

* 

ft 

ft 

ft 

437 

Plnsk 

OnkwR. 

0 

0 

0 

0 

1 

# 

ft 

ft 

0 

0 

0 

0 

480 

Warsaw 

Unkyn. 

0 

c 

0 

ft 

1 

* 

1 

0 

* 

0 

ft 

ft 

489 

Vllno 

Unkwn. 

0 

0 

0 

0 

1 

1 

0 

ft 

* 

0 

0 

0 

Austria 

Station  Yrs.  To- 

No.  Naan  Cbs.  Jan  Feb  Mar  Apr  Hay  Jun  Jul  Aug  Sep  Oct  Nov  Dec  tal 

490  Innsbruck  OnVwn.  0000**1*00001 

491  JQagcnfurt  Cnkvn.  0000111**0005 

492  Sombliek  Unkwn.  00000  1  1  1*  0  0  0  3 


Station 
No.  Nano 


TAELS  7s  Average  Days  with  flatty  Europe  (Coot *4) 

Hungary 

Trs.  1h“ 

Oba.  Jan  Fab  Mar  Apr  Hay  Jun  Jul  Ang  Sap  Oct  Hov  Sac  tal 


493  Budapest 

31 

• 

* 

4k 

1 

1- 

1 

a 

a 

a 

a 

a 

a 

* 

494  Dabracan 

31 

0 

0 

-a 

1 

1 

a 

2 

a 

a 

a 

« 

0 

3 

495  Herenjr 

31 

0 

0 

4k 

e 

1 

2 

• 

• 

a 

0 

a 

0 

3 

496  Pecs 

31 

0 

a 

• 

1 

1 

a 

• 

a 

• 

4k 

a 

a 

3 

497  Szeged 

31 

« 

« 

• 

a 

1 

a 

• 

• 

a 

0 

0 

0 

2 

498  Tatrafurad 

12 

0 

4k 

0 

a 

1 

1 

0 

• 

a 

a 

0 

0 

2 

499  Turkere 

20 

0 

« 

a 

a 

1 

2 

a 

a 

a 

0 

a 

0 

3 

Station 

No.  Nana 

Ire. 

Obs. 

Yugoslavia 

To- 

Jan  Feb  Mar  Apr  Hay  Jun  Jul  Ang  Sap  Oct  Nov  Sac  tal 

500  Arenzin  Brijeg 

20 

'  * 

• 

« 

•# 

1 

a 

4k 

a- 

« 

a 

a 

• 

2 

501  Belgrade 

5 

1 

1 

l 

« 

1 

1 

« 

a 

0 

.  a 

1 

7 

502  Velika  Kladusa 

20 

0 

0 

a 

0 

• 

0 

a 

a 

« 

a 

0 

« 

2 

503  Kragujovae 

6 

0 

« 

0 

• 

• 

1 

1 

« 

• 

• 

« 

0 

3 

504  Mliniata 

17 

0 

0 

0 

0 

0 

« 

• 

0 

a 

0 

0 

0 

a 

505  Nls 

6 

0 

0 

0 

0 

• 

• 

a 

0 

0 

0 

0 

0 

2 

506  Bosaneki  Novi 

20 

• 

0 

• 

« 

• 

a 

0 

a 

0 

a 

0 

0 

2 

507  Bosanski  Petrovac 

20 

0 

0 

0 

0 

♦ 

0 

0 

0 

a 

0 

0 

0 

a 

508  Prolog 

20 

0 

0 

0 

0 

0 

a 

0 

0 

a 

0 

0 

0 

a 

509  Sanski  Host 

20 

0 

• 

0 

• 

• 

• 

• 

a 

a 

0 

0 

0 

1 

510  Tltoro  Ctica 

6 

0 

0 

0 

♦ 

• 

0 

• 

a 

0 

0 

0 

0 

2 

511  Faganskl  Trh 

17 

0 

0 

* 

« 

1 

• 

• 

a 

a 

* 

a 

0 

1 

512  Zagreb 

17 

0 

0 

• 

a 

a 

2 

• 

a 

a 

# 

0 

a 

2 

Station 

No.  Nana 

Trs. 

Oba. 

Rumania 

Jan  Fab  Mar  Apr  Kay 

Si 

II 

n 

II 

To- 

Oct  lor  Pec  tal 

513  Bralla  ’ 

20 

* 

♦ 

0 

• 

• 

a 

• 

a 

0 

0 

0 

a 

2 

514  Bucharest 

20 

1 

• 

a 

♦ 

* 

2 

• 

a 

a 

a 

a 

• 

3 

515  Chernovtsy 

20 

0 

0 

0 

0 

1 

1 

a 

a 

0 

0 

0 

0 

2 

516  Kishinev 

51 

0 

• 

• 

• 

« 

e 

• 

a 

a 

a 

0 

0 

2 

517  Cluj 

20 

0 

0 

• 

* 

1 

1 

1 

a 

a 

0 

0 

0 

3 

518  Constanta 

20 

0 

0 

0 

* 

0 

0 

0 

a 

0 

0 

0 

0 

a 

519  Craiova 

20 

0 

a 

• 

• 

1 

* 

a 

a 

0 

0 

♦ 

0 

1 

520  Iasi 

20 

0 

* 

* 

• 

1 

« 

a 

« 

0 

0 

a 

0 

3 

5 a  Sibiu 

20 

0 

0 

0 

0 

• 

* 

« 

* 

0 

0 

0 

0 

1 

522  Sinaia 

20 

• 

0 

0 

• 

1 

1 

a 

a 

0 

0 

a 

0 

2 

523  Tl&laoara 

20 

0 

* 

1 

a 

1 

2 

• 

a 

a 

0 

a 

0 

3 

50 


TABLE  V:  Average  Deya  with  Hall*  Europe  (Coat'd) 
Switzerland 


Station 

Ire. 

To- 

No. 

Mane 

Oba.  Jan  Feb  Mar  Apr  Hay  Jan  Jul  fan  Sep  Oct  Nov  Dec  tal 

524 

Basel 

23  0 

« 

•  « 

1 

1 

«  « 

•  0 

* 

*  3 

525 

Luzern 

23  0 

0 

#  • 

* 

# 

1  * 

*  0 

0 

0  2 

526 

Bern 

23  0 

0 

0  * 

1 

« 

«  • 

*  0 

* 

♦  2 

527 

Geneva 

23  0 

n 

*  * 

• 

• 

«  * 

«  * 

-* 

0  2 

52# 

Lugano 

23  0 

0 

•  * 

* 

« 

1  * 

•  « 

0 

0  2 

529 

Neuchatel 

23  0 

• 

•  • 

* 

1 

*  • 

*  * 

0 

0  2 

530 

Zurich 

23  0 

0 

♦  * 

* 

1 

»  e 

•  • 

0 

0  2 

Dodecanese  (Aegean  Sea) 

Station 

Ire. 

To- 

Wo. 

Oba.  Jan 

Fsb  riir  Apr  May 

Jzji 

Jul  Ant  Sap  Oct  Nov  Dec  tal 

531 

Lemnos 

4  1 

1 

1  0 

1 

0 

0  0 

0  0 

« 

1  5 

532 

Kytilene 

4  1 

* 

0  0 

* 

0 

0  0 

0  1 

• 

1  3 

533 

Ptri.ro 

13  1 

1 

1  0 

0 

c 

0  0 

0  0 

* 

1  4 

534 

Saxes 

Cnkwn.  2 

3 

1  * 

• 

0 

0  0 

0  0 

1 

1  8 

Italy 


Station 
No.  Naaa 


Trs.  To- 

Obs.  Jan  Feb  Mar  Apr  May  Jun  Jul  fag  Sag  Oct  Nov  Dec  tal 


535 

3ologna 

5 

0 

0 

1 

0 

0 

1 

0 

• 

* 

e 

0 

0 

3 

536 

Catanzaro 

4 

0 

* 

• 

1 

0 

0 

0 

0 

0 

0 

1 

0 

2 

537 

Genoa 

31 

e 

e 

1 

e 

1 

# 

e 

* 

• 

e 

* 

• 

3 

53# 

Iglisiae 

5 

3 

2 

2 

? 

1 

0 

0 

0 

0 

0 

e 

1 

n 

539 

Messina 

5 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 

1 

6 

540 

Milan 

31 

0 

0 

* 

« 

1 

1 

1 

1 

• 

0 

0 

5 

541 

Naples 

37 

1 

1 

1 

1 

1 

e 

0 

« 

• 

e 

e 

0 

6 

542 

Palermo  (Sicily)  31 

2 

1 

1 

X 

ft 

0 

e 

« 

• 

# 

1 

1 

8 

543 

Fola 

Unkvn. 

e 

• 

i 

* 

e 

0 

• 

* 

« 

• 

1 

1 

4 

544 

Roma 

31 

i 

■» 

4k 

Jk 

X 

a 

« 

* 

♦ 

« 

e 

e 

1 

6 

545 

Syracuse 

UrJcwn. 

i 

* 

1 

« 

e 

0 

* 

« 

• 

• 

« 

1 

4 

546 

Trieste 

31 

e 

♦ 

« 

« 

e 

1 

1 

• 

• 

e 

1 

• 

4 

547 

Trento 

2 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

i 

ft 

w 

4 

548 

Sassarl 

Union. 

1 

1 

1 

1 

e 

• 

0 

• 

• 

# 

e 

1 

5 

51 


TABLE  7:  Average  Days  with  Hall,  Europe  (CootM) 

Bulgaria 


station 

No.  Name 

Trs. 

Obs. 

Jan 

To- 

Feb  i.ar  Apr  Kay  Jun  Jul  Aug  3ep  Cct  Hat  Dec  tal 

549  Bour^as 

39 

# 

* 

* 

ft 

• 

• 

ft 

ft 

* 

0 

0 

ft 

2 

550  Gabrova 

29 

♦ 

* 

ft 

1 

1 

1 

2 

ft 

• 

0 

ft 

0 

5 

551  Kustendil 

29 

0 

* 

ft 

ft 

ft 

* 

C 

ft 

• 

• 

0 

0 

A. 

552  rasardjik 

29 

0 

0 

* 

ft 

ft 

« 

•ft 

ft 

0 

ft 

0 

0 

1 

553  Philippopolis 

19 

0 

ft 

0 

ft 

ft 

ft 

* 

ft 

0 

0 

0 

0 

ft 

554  Pleven 

29 

* 

0 

0 

ft 

ft 

1 

• 

ft 

ft 

ft 

ft 

ft 

2 

555  Schownen 

29 

ft 

• 

• 

1 

1 

1 

ft 

ft 

ft 

0 

0 

0 

3 

556  Sliven 

29 

0 

ft 

\Z 

1 

1 

1 

ft 

ft 

• 

ft 

-ft 

0 

4 

557  Sofia 

34 

• 

• 

ft 

1 

2 

1 

1 

ft 

ft 

ft 

0 

ft 

6 

559  Tschepelare 

18 

0 

0 

ft 

1 

1 

1 

1 

ft 

ft 

0 

0 

ft 

4 

559  Varna 

10 

0 

0 

• 

ft 

k 

ft 

0 

ft 

« 

0 

0 

0 

2 

560  Vidin 

l3 

• 

ft 

0 

0 

* 

1 

-ft 

ft 

0 

0 

0 

M 

2 

561  Vrchetz 

17 

0 

« 

0 

ft 

• 

ft 

* 

ft 

«  _ 

ft 

* 

D 

2 

Station 
t'o.  "ace 

Trs. 

Obs. 

Greece 

Jan  7c b  Mar  Apr  May  Jun  Jul  Aug  Sec. Oct  Tier 

Dec 

To¬ 

tal 

562  Arrosteli 

26 

1 

1 

1 

1 

ft 

• 

ft 

p 

ft 

-ft 

ft 

1 

5 

563  Aria 

26 

1 

1 

1 

1 

* 

• 

ft 

ft 

ft 

ft 

• 

1 

5 

564  Didvr.otichon 

4 

* 

« 

ft 

1 

« 

1 

* 

0 

ft 

0 

D 

ft 

565  Eeion 

18 

ft 

* 

ft 

« 

• 

• 

0 

0 

D 

0 

ft 

0 

i 

566  Gythion 

11 

* 

ft 

* 

« 

• 

0 

0 

0 

0 

0 

ft 

0 

2 

567  Janir.a 

15 

* 

ft 

1 

1 

1 

1 

ft 

ft 

• 

m 

• 

ft 

4 

569  Xavalla 

4 

1 

1 

1 

• 

1 

• 

0 

0 

0 

ft 

0 

• 

4 

569  Larissa 

26 

ft 

ft 

* 

• 

ft 

* 

ft 

0 

* 

ft 

0 

0 

2 

5”0  Missolonqhi 

26 

1 

1 

1 

1 

* 

• 

0 

0 

ft_ 

_ft 

ft 

1 

5 

571  Serrai 

12 

0 

0 

0 

0 

1 

• 

ft 

0 

« 

ft 

0 

ft 

2 

572  Trikkala 

26 

0 

0 

« 

0 

* 

* 

» 

0 

• 

0 

ft 

ft 

1 

573  Volos 

26 

ft 

ft 

• 

« 

* 

• 

ft 

ft 

« 

ft 

• 

ft 

2 

TABLE  TI:  Average  Days  with  Hail,  Asia 
(including  U.5.S.R.  in  Europe) 

Turkey 


Station 

So.  Sane 

Yrs. 

Obs. 

Jan  Feb  Mar  Apr  May  Jun 

Jul 

Aug 

Sen 

To— 

Oct  Bos  Dec  tal 

574  Adana 

18 

* 

* 

1 

* 

1 

« 

1 

* 

ft 

• 

• 

• 

4 

575  Afvon  Karahisar 

18 

0 

p 

-ft 

ft 

« 

« 

0 

0 

0 

0 

0 

0 

1 

576  Ankara 

9 

* 

"* 

1 

1 

2 

1 

* 

• 

0 

0 

• 

« 

6 

577  Bolu 

6 

0 

• 

ft 

« 

1 

2 

1 

« 

* 

• 

* 

0 

6 

578  Bursa 

8 

0 

0 

<- 

■A 

« 

0 

0 

0 

0 

« 

0 

0 

1 

579  Co rum 

7 

0 

a 

1 

« 

1 

1 

0 

0 

« 

0 

0 

0 

4 

550  Diarbekr 

6 

0 

0 

ft 

1 

1 

* 

• 

0 

ft 

1 

0 

0 

4 

531  Dortyol 

8 

1 

1 

3 

1 

1 

« 

0 

0 

ft 

* 

* 

• 

8 

582  Edime 

8 

0 

* 

* 

ft 

« 

• 

* 

0 

0 

* 

0 

0 

1 

583  Eskisehlr 

6 

• 

0 

ft 

2 

1 

« 

0 

ft 

0 

0 

0 

4 

584  Giresun 

8 

• 

• 

* 

0 

* 

« 

0 

0 

« 

0 

• 

• 

2 

585  Goztepe 

9 

0 

0 

♦ 

ft 

0 

0- 

'  * 

0 

0 

• 

0 

* 

1 

5*6  Ears 

6 

0 

0 

* 

ft 

2 

2 

• 

1 

• 

at 

0 

0 

7 

5?*7  Rayseri 

4 

0 

0 

0 

« 

* 

-• 

0 

0 

0 

0 

0 

• 

1 

588  Kepsut 

6 

• 

• 

a 

0 

• 

0 

0 

ft 

0 

0 

0 

2 

589  Eour* 

8 

0 

0 

• 

* 

1 

1 

0 

0 

ft 

0 

0 

0 

3 

590  Entahya 

3 

0 

• 

0 

1 

1 

1 

0 

0 

ft 

* 

0 

0 

4 

591  Malatym 

6 

0 

0 

0 

ft 

1 

1 

0 

0 

0 

0 

0 

0 

2 

592  Sivas 

6 

0 

• 

0 

1 

1 

* 

• 

0 

ft 

• 

0 

0 

3 

593  Tarsus 

2 

0 

1 

1 

0 

0 

0 

0 

c 

0 

0 

0 

1 

3 

594  Urfa 

5 

* 

* 

1 

• 

• 

« 

0 

«r 

ft 

0 

* 

0 

3 

595  Zonguldok 

4 

0 

0 

0 

ft 

0 

0 

0 

0 

0 

0 

* 

* 

1 

596  Smyrna 

8 

* 

• 

* 

ft 

* 

0 

0 

0 

0 

0 

• 

0 

.  1 

597  Teabzon 

5 

0 

0 

« 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

Station 

No.  *.are 

Trs. 

Cbs. 

■4 

Jan 

Feb 

Jordan 

Kar  Apr  Fay  Jun  Jul 

Asa  as 

Set 

To- 

Not  Dec  tal 

598  Bethlehem 

10 

ft 

1 

1 

ft 

0 

0 

0 

0 

0 

0 

0 

ft 

3 

Station 

No.  Sane 

Trs. 

Obs. 

Israel 

Jan  Feb  Mar  Apr  Ma7  Jun  Jul  Aug 

Sep 

To- 

Oct  Boy  Dec  tal 

599  Jerusalem 

10 

ft 

1 

1 

* 

A 

0 

0 

0 

0 

0 

• 

1 

4 

•iC'TS:  Range  fro*  .1  to  .4  la  represented  by  * 

Rang*  frco  .5  to  1.4  ia  represented  by  1 
Range  from  1.5  to  2.4  is  represented  by  2,  etc. 


■'(’LxJU.Jjf'wVfcV... 


.•*V- . 


TABLE  W:  Awrage  Day*  witb  Hail,  UU  (Coot *4) 

H.  S.  S.  R.  (Birew) 


Station 

No.  Varna 


600  Astrakan 

601  Kazan 

602  Kiev 

6Q3  Leningrad 

604  Moscow 

605  Odessa 

606  Sevastopol 

607  Stavropol 
60S  Tiflia 
609  Kirov 


Obe.  Jan  Feb  Mar  ABrHajrjvmJulAugSepOctKovpBCt^ 


000*«**-»*#0-  a 

OOO**1**  ##002 

O  OO*11###OO05 

J  [  J  0  •  *  ♦  0  «  o  0  0  1 


12  *  0  0  0  *  * 

12  0  0  0  *  *  1 

12  0.0  0  *  1  1 


0  0  0  0  *  * 


000**0*0*0*01 

*°*iii***oooi 

000*11*#  *  O  n  a  * 

0000*"**-  ■* 


000000* 


Station 
No.  Name 


610  Blagoveshchensk 


Jan  Feb  Mar  Apr  Haj  jvm  Jui  Aug  sen  Oct  Nov  Dec  tal 


Priisk 

612  Forzia 

613  Chita 

614  Ekaterino- 

Nikolskoe 

615  Irkutsk 

616  Krasnoyarsk 

617  Magdagachi 
61S  Nerchinsk 

619  Nikolayevsk- 

na-Anure 

620  Nikolsk  Ous- 


621  Nizhreudinsk  -  9 

622  Okhotsk  29 

623  Ola  7 

624  Oust-Kamtchatsk  5 

625  Peschanaln 

Bukhta  Unkn. 

626  Petrovskli  ZavodUnkn. 

/  VI  > 


6 

0 

0 

0 

0 

• 

• 

* 

• 

0 

0 

14 

0 

0 

0 

0 

• 

• 

• 

« 

« 

0 

19 

0 

• 

1 

1 

1 

* 

• 

* 

0 

• 

14 

0 

0 

0 

0 

• 

1 

* 

1 

* 

0 

Unkn. 

0 

0 

0 

0 

0 

« 

• 

• 

« 

0 

Unkn. 

0 

0 

0 

• 

1 

3 

« 

1 

1 

« 

26 

0 

0 

0 

0 

* 

* 

• 

* 

• 

0 

6 

0 

0 

0 

0 

0 

• 

* 

0 

0 

# 

IS 

■  0 

0 

0 

0 

0 

• 

0 

0 

• 

0 

Unkn. 

0 

0 

0 

0 

0 

* 

« 

• 

« 

0 

Unkn. 

0 

0 

0 

• 

* 

• 

* 

• 

• 

* 

9 

0 

0 

0 

0 

0 

X 

* 

0 

0 

0 

29 

0 

0 

0 

0 

0 

0 

0 

0 

• 

• 

0  0  7 


ooo* 


001 


0000000010 


00* 

001 


OOOOOOOO*0OO* 


627  Pokrauka 
62S  Rukhlova 
629  Rykovakoe 


0000111 
0  0  0  0  *  *  * 
0  0  0  0  0  *  * 


0  0 
0  0 


0  0  0  0  1 

*0001 

**001 


000* 


0011000002 


•0001 


M-.v >-V- v-v’j ' 


KCPWVCWFWI 


r  r.1-  • 


^ \>VS  V‘  'JVVTw 


i$ 


SBfiSSSSSs 


■■MM 

^y-wy.w 


s 


? 


•  ,•*“„•**  ^  a  * 

V  .\V 


y-y-y->y,i^ 

->VV  0*>J f >*  r?! 


S 


TABLE  TI:  Average  Days  with  Hail,  Asia  (Cont'd) 

-  V.  S.  5~  R.  (Asia)  C cont'd) 

Station  Tre.  lo¬ 
tto.  Sane  Ohs.  Jan  Feb  Har  Apr  Hay  Jan  Jul  Aug  Sep  Oct  Nov  Dec  tal 


*30  Troitskosavoek 

17 

« 

0 

0 

0 

0 

• 

4ft 

• 

* 

0 

0 

0 

1 

651  Vladivostok 

Dnkn. 

0 

0 

• 

0 

« 

0 

0 

• 

0 

0 

4ft 

0 

• 

Station 
*0.  Xaae 

Tre. 

Ohs. 

JAPAN.  OKINAWA 

To- 

Jan  Feb  Har  Apr  Hay  Jun  Jul  Aug  Sep  Oct  Vov  Pec  tal 

632  Abasirl 

14 

0 

0 

0 

0 

• 

4ft 

4ft 

0 

• 

• 

• 

0 

1 

6}3  Akita 

17 

0 

* 

0 

9 

0 

0 

0 

0 

• 

1 

• 

1 

6V, 

13 

4ft 

* 

♦ 

1 

2 

4 

4 

1 

• 

• 

0 

4ft 

13 

635  Ja 

13 

0 

• 

0 

• 

0 

0 

0 

0 

• 

4ft 

• 

• 

# 

636  nrxmaki 

13 

0 

0 

♦ 

4ft 

4ft 

• 

0 

0 

0 

0 

« 

0 

1 

637  lslgakiaiaa 

23 

0 

0 

0 

• 

0 

• 

0 

0 

0 

0 

0 

0 

1 

63*  Kagosina 

23 

• 

0 

« 

0 

0 

0 

1 

0 

0 

0 

« 

0 

1 

639  *ohn 

23 

0 

0 

* 

4ft 

• 

0 

« 

• 

0 

0 

0 

* 

1 

640  Kunaaoto 

23 

• 

0 

*» 

« 

0 

0 

0 

0 

0 

c 

0 

0 

• 

641  Rare 

23 

0 

0 

♦ 

0 

0 

0 

0 

0 

0 

4ft 

4ft 

« 

• 

64 2  Kyoto 

23 

0 

* 

* 

• 

« 

4ft 

0 

0 

0 

« 

4ft 

_  • 

1 

643  Maoka 

21 

0 

0 

0 

0 

0 

* 

0 

• 

• 

1 

* 

0 

2 

644  Kiyazu 

23 

0 

* 

• 

•  * 

• 

* 

0 

..  0 

0 

0 

• 

0 

1 

645  Bagano 

23 

0 

0 

0 

« 

• 

.0 

• 

• 

0 

4ft 

0 

0 

1 

646  Nagasaki 

23 

• 

« 

♦ 

* 

0 

0 

* 

0 

0 

0 

* 

• 

1 

647  Nagoya 

23 

0 

• 

• 

• 

0 

0 

0 

0 

0 

0 

0 

0 

• 

643  liu 

22 

0 

• 

0 

0 

0 

0 

0 

0 

4ft 

0 

0 

* 

• 

649  Kenuro 

23 

• 

0 

0 

• 

0 

0 

0 

0 

0 

• 

4ft 

• 

1 

650  Niigata 

23 

4ft 

4ft 

« 

« 

• 

0 

• 

0 

0 

• 

4ft 

• 

1 

63I  Onahaaa 

19 

• 

0 

0 

0 

• 

0 

0 

0 

0 

4ft 

41 

* 

1 

652  Osaka 

23 

• 

• 

« 

• 

0 

0 

0 

• 

0 

0 

4ft 

• 

1 

653  Sakai 

23 

* 

# 

• 

4ft 

« 

0 

0 

0 

0 

c 

4ft 

• 

1 

654  Sapporo 

23 

0 

« 

♦ 

• 

4ft 

1 

• 

1 

2 

1 

1 

0 

7 

655  Shlkoka 

21 

0 

0 

0 

• 

• 

# 

0 

0 

4ft 

• 

0 

0 

1 

656  Suita 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

4ft 

c 

* 

657  Syant 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

44 

0 

• 

659  Tokyo 

23 

0 

4ft 

4ft 

• 

• 

• 

0 

0 

0 

0 

0 

0 

1 

659  Drakawa 

6 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

3 

660  Tokohaaa 

23 

0 

0 

4ft 

# 

9 

• 

• 

0 

4ft 

• 

« 

• 

1 

Station 

Ko.  Xaae 

Tre. 

Ohs. 

Jan 

F7PH05A 

Feb  Har  Apr  Hay  Jun  Jul  Aug  Sep 

T>* 

Oct  Sot  3ee  tal 

6*1  Arisia 


A  01*0«012*»0«5 


*  -  TABLE  71:  Average  Days  with  Hail,  Asia  (ContM) 

-  -  -  '  '  CHINA 


Station 

No.  Vaae 

Yrs. 

Obs. 

Jan 

To- 

Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Vov  Dec  tal 

662  Hankow 

13 

a 

* 

# 

« 

* 

0 

• 

0 

0 

0 

0 

*  1 

663  Tientsin 

16 

0 

0 

0 

♦ 

« 

« 

• 

• 

* 

0 

0 

0  1 

664  Tsingtao 

11 

0 

* 

0 

# 

« 

« 

0 

0 

* 

0 

0 

0  1 

665  Toanan 

3 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0  1 

Station 

No.  Kama 

Yrs. 

Obs. 

MANCHURIA 

To- 

Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  tal 

666  Anlda 

7 

0 

6 

0 

0 

»  _ 

* 

• 

* 

c 

0 

0 

D  1 

667  Changchun 

10 

0 

0 

0 

« 

a 

1 

s 

0 

1 

1 

0 

0  4 

663  CjalanJtunJ 

20 

0 

0 

0 

0 

« 

* 

« 

* 

• 

Q 

0  2 

669  Dairen 

10 

0 

0 

0 

0 

* 

0 

0 

0 

• 

1 

0 

0  1 

670  Hailar 

7 

0 

0 

0 

0 

• 

« 

1 

• 

• 

0 

0 

0  2 

671  Imjanjpo 

20 

0 

0 

0 

• 

1 

<s 

4. 

* 

* 

• 

• 

0 

0  2 

6?2  Manchoull 

9 

0 

0 

0 

0 

0 

* 

« 

1 

* 

0 

0 

0  2 

673  Mientuho 

9 

0 

0 

0 

0 

1 

1 

« 

• 

1 

• 

0 

0  4 

674  Pokotu 

9 

0 

0 

0 

0 

* 

♦ 

1 

0 

« 

• 

« 

0  2 

675  Taipingling 

15 

0 

0 

0 

0 

• 

1 

• 

« 

• 

» 

0 

0  2 

676  Yenki 

7 

0 

0 

0 

0 

1 

* 

0 

0 

« 

0 

0 

0  1 

Station 

Vo.  Name 

Yrs. 

Obs. 

KOREA 

Jan  Feb  Mar  Apr  Mar  Jun  Jul  Aug  Sep  Oct 

'  To- 
Nov  Dec  tal 

677  Gensan 

15 

0 

0 

0 

• 

# 

* 

0 

0 

0 

* 

0 

0  1 

673  Heizyo 

20 

0 

0 

« 

# 

* 

• 

0 

0 

• 

1 

-  • 

•  3 

679  Hus  an 

15 

0 

0 

s 

* 

♦ 

0 

• 

0 

0 

« 

• 

0  1 

600  Moppo 

15 

* 

0 

• 

s 

• 

• 

• 

0 

• 

« 

1 

*  3 

601  Saisjru 

9 

0 

0 

0 

0 

« 

0 

O' 

0 

0 

0 

« 

«  « 

632  Sozan 

5 

0 

0 

0 

* 

0 

• 

0 

0 

• 

1 

0 

0  2 

633  Taikyu 

15 

0 

0 

« 

* 

* 

* 

0 

0 

* 

0 

0 

0  1 

634  Tyukan 

20 

0 

0 

0 

* 

1 

1 

• 

• 

• 

■V 

• 

0  3 

635  Yuki 

15 

0 

0 

0 

• 

# 

# 

0 

• 

*. 

• 

« 

0  2 

636  Zinsen 

15 

0 

0 

* 

• 

« 

• 

* 

0 

• 

• 

1 

♦  3 

637  Zyosin 

5 

0 

0 

0 

« 

« 

> 

0 

0 

0 

• 

« 

0  1 
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TARLF  7IIr  Average  Days  uith  Hail,  South  America, 
Africa,  Australia 


UHIl?  f*Vwth  America) 


Station 

Mo.  Kane 

Trs. 

Ohs. 

Jan  Feb  Mar  Apr 

To- 

Kay  Jun  Jul  Aug  Sep  Oct  Kov  Dec  tal 

— 

* 

6*8  Concepcion 

11 

0 

0 

0  0 

0 

ft 

ft 

0 

ft 

0 

0 

0 

ft 

6*9  Constitucion 

10 

• 

0 

0  0 

0 

ft 

ft 

ft 

ft 

ft 

• 

0 

1 

690  Contulao 

12 

ft 

0 

0  0 

0 

« 

1 

1 

ft 

1 

ft 

0 

3 

691  Cnrico 

12 

ft 

0 

0  0 

0 

0 

ft 

ft 

0 

ft 

« 

0 

X 

692  De  Cauquenes 

9 

0 

0 

0  0 

0 

0 

0 

0 

ft 

0 

0 

0 

ft 

693  31  Teniente 

12 

• 

0 

0  0 

ft 

0 

0 

ft 

ft 

ft 

• 

ft 

1 

694  Isla  Guafo 

12 

* 

• 

ft  ♦ 

1 

1 

1 

2 

2 

1 

2 

1 

11 

695  Isla  Juan 
Fernandes 

12 

0 

0 

0  0 

0 

ft 

ft 

ft 

0 

0 

0 

0 

1 

696  Isla  Mocha  2. 

12 

0 

0 

0  e 

0 

ft 

ft 

ft 

0 

0 

0 

0 

1 

697  Isla  Santa  Maria 

« 

0 

0 

0  0 

0 

ft 

• 

0 

0 

ft 

0 

0 

« 

69*  Am  cal 

n 

0 

0 

0  0 

0 

0 

0 

ft 

0 

ft 

ft 

ft 

1 

699  La  Serena 

12 

0 

0 

0  0 

D 

0 

0 

ft 

ft 

0 

ft 

0 

ft 

700  Lebu 

2 

0 

0 

0  0 

0 

0 

1 

0 

2 

1 

0 

0 

4 

701  Linares 

9 

ft 

0 

0  0 

0 

0 

ft 

0 

ft 

0 

ft 

0 

1 

70 2  Potrerillos 

12 

0 

• 

•  1 

0 

1 

ft 

ft 

1 

ft 

ft 

0 

4 

703  Puerto  Mont 

12 

• 

0 

■ft  ft 

ft 

1 

• 

1 

1 

1 

1- 

ft 

6 

704  Santiago 

29 

0 

0 

d  • 

ft 

ft 

ft 

ft 

« 

ft 

ft 

0 

1 

705  Talca 

12 

0 

0 

0  0 

ft 

ft 

« 

0 

ft 

0 

ft 

« 

1 

706  Valdivia 

n 

0 

ft 

•  • 

ft 

1 

2 

1 

1 

1 

1 

ft 

7 

Station 

So.  Sants 

URUGUAY  (South  America) 

Trs.  To- 

Cbs-  Jan  Feb  Mar  Apr  May  J«n  Jul  Aug  Sep  Oct  Bov  Bee  tal 

707  Deriego 

7 

• 

ft 

•  0 

ft 

1 

1 

1 

ft 

0 

ft 

ft 

4 

Station 

So.  Kane 

Trs. 

Obs. 

SOUTH  ATLANTIC  ISLANDS 

Jan  Feb  Xar  Apr  Kay  Jun  Jul  Aug  Sep  Oct 

To— 

Hoe  Dec  tal 

*>08  GrytviVen, 

South  Georgia 

10 

2 

3 

2  3 

4 

2 

1 

1 

2 

1 

2 

2 

25 

709  Cape  Peabroke, 
Falkland  Isl. 

10 

2 

2 

2  4 

3 

2 

2 

2 

2 

3 

4 

3 

31 

“.’CTF-  Ranee  Trtm  .1  to  .4  ia  represented  by  * 

Ranee  from  .5  to  1.4  is  represented  by  1 
Ran  ire  from  1.5  to  2.4  is  represented  by  2,  etc. 
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TABLE  VII:  Average  Days  with  Hail,  South  America, 
Africa,  Australia  (Cont'd) 

ARGENTINA  (South  America) 


Station  Tr*.  To- 

No.  Name  0b«.  Jan  Feb  Mar  Apr  Kay  Jun  Jul  Aug  Sep  Qct  Nov  Pec  tal 


710  Buenos  Aire* 

19 

# 

0 

1 

0 

1 

# 

» 

« 

* 

1 

1 

• 

4 

711  Col  De  Chubut 

20 

# 

1 

* 

* 

1 

1 

1 

♦ 

• 

0 

0 

4 

712  Cordoba 

29 

# 

• 

# 

# 

« 

1 

1 

1 

« 

* 

« 

« 

4 

713  Mendota 

27 

1 

# 

• 

* 

« 

*' 

0 

« 

« 

■e 

* 

« 

3 

714  Tucuman 

21 

« 

* 

• 

« 

« 

0 

0 

« 

0 

• 

« 

« 

1 

BOLIVIA  (South  America) 


Station 

Tr*. 

To- 

No.  Name 

Obs. 

Jan 

Feb  Mar  Apr  May 

Jun  Jul 

If 

Is 

Oct 

31 

II 

II 

715  LaPas 

30 

1 

1 

1 

1 

* 

* 

• 

• 

1 

1 

1 

1 

8 

716  Potosl 

5 

2 

1 

1 

0 

» 

0 

0 

0 

0 

* 

0 

• 

4 

717  Puerta  Svare* 

5 

0 

0 

0 

0 

0 

0 

0 

0 

* 

0 

0 

• 

• 

713  Sucre 

30 

1 

• 

1 

1 

* 

• 

• 

« 

1 

1 

1 

1 

7 

719  Tupiza 

5 

1 

1 

« 

0 

0 

0 

0 

0 

0 

0 

« 

1 

3 

720  Gruro 

5 

1 

# 

1 

* 

1 

• 

• 

* 

2 

* 

0 

2 

8 

721  Corocoro 

5 

1 

2 

1 

1 

» 

0 

0 

1 

• 

1 

1 

3 

n 

722  Patacamajra 

5 

1 

1 

1 

1 

* 

■  # 

1 

* 

1 

1 

1 

1 

9 

BRAZIL  (South  America) 

* 

Station 

Tr*. 

To- 

No.  Name 

Ob*. 

Jan  Feb  Mar  Apr  May  Jun 

Jul  Aug  Sep 

Oct 

31 

II 

II 

723  Itatiaya 

6 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

8 

724  Haristella 

6 

0 

0 

0 

0 

•  0 

0 

0 

0 

0 

0 

1 

0 

1 

725  Nova  Friburgo 

9 

• 

e 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

* 

726  Porto  Alegre 

9 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

3 

727  Pyrenopoll* 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

728  Uraguayana 

8 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

2 

MOROCCO 

(Africa) 

Station 

Trs. 

To- 

No.  Name 

Qba. 

Jan  FeP  Mar  Apr  Hay 

Jun  Jul 

Aug  Sep  Oct 

Nov 

Dec  tal 

729  Casablanca 

6 

* 

1 

# ' 

0 

• 

0 

0 

0 

0 

0 

0 

• 

2 

730  Marrakech 

6 

0 

*  . 

1 

0 

a  * 

e 

• 

0 

0 

0 

0 

0 

1 

731  Tangier 

10 

• 

1 

1 

1 

» 

0 

0 

0 

# 

• 

1 

1 

6 

w 


t 


TABLE  TIT:  Average  Days  vic.n  Hall,  Sooth  Anerica, 
Africa,  Australia  (Coat'd) 

FRENCH  VEST  AFRICA 


Station 
No.  Haae 

732  Kayea 

733  Fort  Etienne 

734  Dakar 

735  Ziader 


Station 
jfo.  kaae 


Tra.  To- 

Obs.  Jan  Feb  War  Apr  Hay  Jua  Jul  Aug  Sep  Oct  Nov  Dec  tal 


5 

6 
6 
6 


0  0  0  0  0 
0  0  0  0  0 
0  0  0  0  0 
0  0  0  0  0 


0  0  0 
0  0  0 
0  0  0 
2  10 


0 

0 

0 

0 


0  0  0  0 
*00* 
0  0  0  0 
0  0  0  3 


IVORY  COAST  (Africa) 


Trs. 

Ob*.  Jan  Feb  K»r  Apr  Kay  Jm>  Jul  Aug  Sep 


To- 

Oct  Nov  Dec  tal 


73&  Bobo  Moulasso  6  OOOOOOQOODOOO 


Station 
No.  Nana 

737  Accra 


Station 
No.  Nanc 


GOLD  COAST  (Africa) 

In.  7b- 

Obs.  Jan  Feb  Mar  Apr  Hay  Jan  Jal  Am  Sep  Oct  Nov  Pec  tal 

15  000000.  0000000 

KENYA  (Africa) 

Yrs.  Tn- 

Cba.  Jan  Feb  Kar  Apr  May  Jun  Jul  Am  Sep  Oct"  Nov  Pec  tal 


73*  Eldana  Sayine  V  0  00*0*112*00* 


H0ZAM3I7JE  (Portmucae  East  Africa) 

Station  Tra.  To- 

No.  Wane  Qb«.  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Pec  tal 


739  Lourenco  Marques  29  *0  **0*00»***1 

FRENCH  GUINEA  (Africa) 


Station  T.ra.  To- 

No.  Nane  Ob*.  Jan  Tab  Mar  Apr  May  Jun  Jul  An*  Sep  Oct  Nov  Pec  tal 


740  Conakry 

741  Mall 


6  0000000000000 
6  *000*9000000* 


TABLE  711 


Station 
Y.o.  'i-cne  - 

7 42  Auckland 

743  Christ  Church 

744  Dunedin 

745  Hokitika  v  y 

746  Invercargill 
•747  Milford  Sound  . 


746  Sydney 

749  Vfrndaa 

750  Melbourne 

751  Adelaide 

75 2  Hobart 

753  Roeboume 

754  Onslow 

755  Ceduna 


>ryrm 


V-V-  r-  o.  /A‘»  -.a  '.n 

H^v.k>v-v.w>v-^ 

AA'A'Am 
\>VAM >VV,\'W\nW 

v.va  ■a^va^av-van 

-  Au',A‘»vAv.-.'  aid 


iSC^T/aiaSS  "-AnTTHF-ASTa  2E3E*C=  v  ETHMEEHr;  CTT-SE,  rs  A2ET 

vuarterr.aster  Research  n  Engineering  Center 
Matie/.,  Massachusetts 

31  P-arra  1?56 


ecnnical  Report  £r-:3,  .'!ATI 
ecruarr  155  b- 


TxlrTTT «,  br  Blanche  3.  Hall, 


l  *  v  -  . -  »  -  k  *  %  *•.  -  -  *  **  .  «  i 

.  -  •  '  v - ,  * ,  - ',  -  u >  v  •>  -J 


3-\- A  v 
o.  .-AM 


Change  1,5”’  to  1-56 

Change  last  word  to  stations 

Figure  12  caption,  change  Tell-ph  to  Meligfa 

In  sixth  paragraph,  after  first  sentence,  change  tos  The  siae 
of  a  r.ailstcr.e  is  more  invert  act  than  its  speed  in  determining 
possible  damage  to  both  stationary  and  moving  objects.  However, 
t:.e  speed  of  an  aircraft  in  flight  is  an  inportant  additional 
factor  ir.  determining  uegree  of  danage  to  the  aircraft.  For 
this  reason  .  .  . 

Figure  It  caption,  change  date  to  25  duly  l?3f 

For  Station  Mo-  351,  oncer  Total,  change  1  to  2 

For  Station  Mo.  367,  under  Total,  change  16  to  6 

For  Station  Mo.  376,  under  Total,  change  1  to  5 

For  otaticn  Me.  51?,  chance  line  to  reads 

23  0  *  3  *  «  I  2  C  •?  C  7  7  1 

Fur  Station  Mo.  55/,  ’under  Mar,  change  <c  to  I 

For  Station  Mo.  637,  'under  Tonal,  change  1  to  * 

For  Abilene,  1?1F,  under  Annual ,  change  0  to  ? 

For  Pocatello,  l.-it7,  under  Z  n,  Jd,  Aug,  chan-e  to  1  2  O 
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’  •  ■  ■  '  O' 
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C  AoA~Sva,A'X^\\.,AS 
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*  v*  v"  s"  V  fC  ii! 

11  •  «  •  < 

!>vv  y  V.v  .O, 


■;'yv;-;  .vv-ta-vA 


.  * .  v  -  v-  - f ■  rT--;. %  :-a>:ni  -vX-vvA.^*->yri'v'r'->7 


TABLE  VIlIu  Total  Days  with  Hail  at  25  United  States  Stations,  1940-49 
(Stations  with  125  Days  of  Hail  in  40  Years) 

A3ILENE.  TEXAS 


tats 


Jar,  Feb  «ar  Apr  Mav  Jun  Jul  Au*  Sep  Oct  Nov  Pec 


ANNUAL 


0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

c 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

2 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

2 

0 

0 

1 

2 

1 

1 

0 

0 

0 

1 

0 

0 

6 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

3 

0 

2 

1 

0 

0 

1 

0 

0 

0 

1 

1 

0 

6 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

1 

0 

4 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

3 

0 

C 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

2 

0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

■4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

0 

4 

5 

3 

5 

4 

I 

0 

0 

4 

z 

I 

33 

CHEYENNE, 

,  VTCKTNO 

Jan 

Feb 

var 

A  nr 

May 

Jun 

Jul 

Auk  Sep  Oct 

No v  Dec 

ANNUAL 

0  0 
0  0 
0  10 
0  0  0 
0  0  0 
0  0  0 
0  0  2 
0  0  1 
0  0  2 
0  0  2 


0  0  0  2  1  2 
n  IQ 


0  0  1 

0  10 

2  1  2  0  0  0  0 

1  2  2  0  0  0  0 

5  2  1  0  0  0  0 

5  2  0  1  0  0  0 

7  2  0  0  0  0  0 

7  3  2  110  0 

2  5  1  0  0  0  0 

2  1  1  0  0  0  0 

io  rZ  i  n 


Jan  Feb  Mar  Apr  May  Jun  Jul  Au 


000012000000 
000000101000 
000101000000 
0  0  0  0  1  0  0 


0  0  0  1  4 
0  0  12  1 
0  0  0  1  1 
0  0  10  4 
0  10  0  0 
0  0  2  0  0 


0  0  0  0  1  0 
2  0  2  1  0  1 
1  2  0  0  0  1 
2  0  0  0  0  0 
2  0  0  0  0  0 
2  0  10  10 
0  0  0  0  1  0 


01451212332322 


DALLAS,  TEXAS 


Jan  Feb  Mar  Apr  May  Jun  Jul  Auk  Sep  Oct  Nov  Dec 


0  0  1 
0  0  1 


0  0 
0  0 


0  0  0  0 
0  0  0  0 


000200000000 


0  1 
0  2 


0  0  0  0  0  0  0 


0  0 


0  0  1  0  0  0  0 


0  0  0  0 
0  0  0  0 


00100 
0  0  0  0  1 
0  0  0  0  0 
0  0  2  0  0 


0  3  «  7 


0  0  0  1 

9,1  0  2 

DENVER. COLORADO 


0  0.  0  0  0  0 

0  0  0  0  0  0 

0  1  10  0  0 

0  1  0  0  0  0 

0  2  10  0  0 


Jan  Feb  Mar  Apt  May  Jun  Jul  Auk  Sep  Oct  Nov  Dec 


0  0  0  0  i 
0  0  0  0  0 


1  0  0  0  0 
1  0  0  0  0 


000210200000 
001000001000 
000134000000 
000002220010 
000121010000 
000101100100 
000110110000 
0000  0  2002000 
OOIS8  12  8SJTI5 


ANNUAL 


V  ’V  /V  -'.V  V. 


Vfi  0»  >0 


TABLE  VIII  (cont'd) 


NORTH  HEAD,  VASKISOTCS  - 


YEARS 


Jan  Feb  Xar  Apr  Far  Jun  Jul  Aug  Sen  Oct  Nov  Dec 


4040100002  \  7 
766*200011  10  9 
70  1  200000  1  24 

64530000  0113 

1  55200000083 

226300001021 
433220000500 
027200000146 
212121000115 
3  3  220C>0G0222 

36  26  -  42  25  7  1  0  0  2  14  31  40 


NORTH  PLATTE,  NEBRASKA 


YEARS 


Jan  Feb  Har  Apr  Mav  Jun  Jul  Aug  Sep  Oct  Nov  Dec 


000011000000 
000010210000 
0  0  0100000000 
001010000121 
000121101000 
0  00001000000 
00002  2  000000 
0  0 
0  0 


000121020000 
000111100000 
00  0000010100 
0014  10  7441221 


OKLAHCHA  CITY,  OKLAHOMA 


YEARS 


Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec 


1949 

1948 

1947 

1946 

1945 

1944 

1943 

1942 

1941 

m 

Sums 


001120000  000 
001010000000 
000310000000 
001  01  0*  010000 
021214000000 
101310000000 
0000410010  -0  0 

000101000000 
oooioooooooo 
0001  20000000 
r  ?  5  i5  u  5  5  r  r  5  ff  5 


65 


TABLE  VIII  (cont'd) 
RAPID  CITY,  SOUTH  DAKOTA 


Jan  Feb  Mar  Apr  Hay  Jan  Jul  Aug  Sep  Oct  Wot  Dec  ANNUAL 


0 

0 

0 

0 

1 

0 

0 

2 

0 

0 

0 

0 

3 

0 

0 

0 

0 

2 

0 

1 

4 

1 

0 

0 

0 

8 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

1 

0 

1 

2 

0 

1 

0 

0 

0 

5 

0 

0 

0 

0 

2 

2 

1 

0 

0 

0 

0 

0 

5 

0 

0 

0 

1 

0 

3 

3 

1 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

1 

1 

0 

0 

'  0 

0 

0 

2 

0 

0 

0 

2 

2 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

8 

9 

9 

7 

2 

0 

0 

0 

40 

SPOKANE.  WASHINGTON 

Jan 

Feb  Mar  Apr  May 

Jun 

Jul  Auk  Sep 

Cct 

Nov  Dec 

ANNUAL 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

0 

4 

0 

0 

3 

3 

1 

0 

0 

0 

1 

1 

1 

0 

10 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

1 

0 

4 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

4 

2 

3 

3 

0 

I 

1 

0 

0 

0 

14 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

2 

0 

0 

0 

0 

u 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

2 

0 

0 

0 

0 

,0 

0 

0 

2 

0 

0 

1 

2 

0 

0 

1 

0 

1 

0 

0 

0 

'5 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

2 

s 

0 

12 

12* 

10 

4 

r 

3 

4 

2 

3 

0 

51 

•: 

SPRINGFIELD 

MISSOURI 

Jan 

Feb 

Mar  A or  May  Jun  Jul  Aue  Seo 

Oct 

Nov  Dec 

ANNUAL 

0 

0 

2 

1 

1 

1* 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

3 

2 

1 

0  ‘ 

0 

0 

0 

0 

0 

6 

1 

0 

2 

2 

1 

1 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

1 

1 

0 

0 

3 

0 

0 

0 

0 

5 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

2 

0 

0 

1 

4 

0 

0 

1 

0 

0 

0 

1 

0 

7 

0 

0 

3 

1 

1 

0 

0 

0 

0 

0 

1 

0 

6 

■  0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

3 

0 

t) 

1 

1 

0 

0 

0 

1 

0 

0 

0 

0 

Ji 

r 

2 

9 

13 

7 

z 

2 

4 

0 

0 

2 

I 
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TABU  rm  (coat'd) 
TATOOSa  I5LA3IP.  WASKINGTOi 


TA3LE  VIII- (cont'd) 

WICHITA.  KANSAS 

Jan  Feb  Hap  Anr  V it  Jun  Jul  Aug  Sen  Oct  Ncv  Dec 


100220101000 
010002100100 
003101000100 
001010000  0  00 
000121001000 
001611000000 
010010001100 
000121000000 
000210110000 
001^10000000 
125  17  ll  J  3133  0'! 


ANNUAL 


■>*'  r-  -  v « \r»  1  •  vn  v  ■ 


mmm m 


'•  •’*V*  t**\  f  t Vt  rVi'V.* i*T 

,-v'v' ••vX>v-' 

•  '  v  ' ■ . « j  • .  -i .  ■■ 

V'V  y-V-  WW 


^  ■;  ■;  MS 


.',\y 

*•-!  7- ''  -7-’>\ 

■  •-  v7-7-Y-7.y.y-7V  v 
•.V.vV-V.YVAvy.'; 

’  V*  -  .‘l  -  ",  ’S' *>’  V  ’  ' 


TABU  Hi  tbtil  Days  with  Ttanderstons  it  2J  DniM  States  Stations 

1940^9 

(Stations  wits  12$  Ops  of  Hail  in  40  Tear*) 


Jan  Feb  Mar  A 


A3HBB.  TEXAS 


Jon  Jul  Auk  Sen  Oct  Ho*  Dee 


0 

2 

2 

7 

10 

9 

5 

5 

3 

3 

0 

2 

0 

3 

2 

2 

7 

8 

8 

7 

2 

2 

0 

1 

0 

1 

1 

4 

13 

7 

6 

5 

3 

6 

0 

4 

1 

3 

3 

5 

13 

3 

2 

3 

4 

1 

4 

0 

0 

3 

8 

6 

8 

10 

7 

3 

2 

0 

1 

0 

1 

3 

1 

4 

13 

4 

6 

3 

1 

3 

1 

0 

0 

0 

2 

5 

9 

6 

2 

2 

4 

1 

0 

0 

1 

0 

1 

8 

e 

8 

2 

5 

4 

5 

0 

1 

1 

2 

2 

6 

7 

10 

6 

n 

4 

6 

1 

0 

0 

Jt  A  Jt 

A 

11 

1 

9 

.1 

2 

Jt 

1 

4 

21 

25 

51 

SJ 

% 

45 

53 

30 

29 

11 

9 

BOISE. 

IDAHO 

Jan  Feb  Mar  Apr  May  Jan  Jul  Auk  Sap  Oct  No*  Dec 

ANNUAL 


0 

0 

0 

0 

6 

5 

2 

6 

2 

0 

1 

0 

0 

1 

KJ 

3 

4 

5 

2 

0 

0 

1 

0 

E 

0 

0 

n 

1 

.  3 

4 

0 

0 

3 

0 

0 

0 

0 

1 

i 

3 

0 

4 

5 

3 

2 

0 

0 

0 

0 

0 

i 

1 

6 

3 

2 

1 

1 

3 

0 

0 

0 

0 

0 

0 

4 

6 

5 

0 

0 

1 

1 

0 

0 

0 

1 

0 

2 

5 

2 

2 

0 

1 

0 

0 

0 

2 

1 

1 

5 

2 

0 

2 

1 

1 

1 

0 

0 

0 

0 

1 

5 

4 

6 

2 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

6 

1 

2 

2 

0 

0 

0 

4 

4 

11 

38 

38 

30 

16 

9 

3 

0 

CHETDWE. 

WTOKINS 

Jan  Feb  Mar  Apr  May  Jon  Jul 

iHSj 

5*L 

Oct  No*  Dee 

01  0  $  U  10  U  17  5  2  00 

0  0  0  A  i  12  17  30  &  1  0  0 

0023  91114119000 

002447  15  13  5200 

0  002  61412144000 

0001101213  94200 

00034  17  11113100 
0002612  17  112300 
00031014  18  11  2100 

2  2  2  Jt  .4 -2 -22 -2  12  2  2  2 

0  1  4  31  76  120  150 


m 


Jan  rep  Mar  Apr  Mar  Jun  Jul  Ana  Sep  Oct  Bov  Dec 


1 

0 

0 

0 

2 

2 

2 

5 

5 

1 

10 

6 

7 

10 

7 

9 

3 

5 

4 

2 

2 

1 

1 

2 

46 

43 

1 

0 

1 

7 

6 

17 

5 

4 

4 

5 

1 

0 

51 

1 

0 

6 

4 

5 

12 

7 

9 

8 

3 

1 

0 

56 

0 

0 

8 

9 

10 

13 

8 

7 

7 

0 

1 

1 

64 

2 

1 

2 

3 

19 

10 

9 

7 

8 

1 

2 

0 

64 

0 

0 

1 

6 

4 

15 

13 

14 

5 

2 

0 

0 

60 

0 

0 

3 

3 

9 

13 

13 

5 

6 

1 

0 

0 

53 

0 

0 

1 

4 

6 

8 

11 

7 

8 

8 

2 

0 

57 

0 

0 

2 

1 

4 

7 

12 

10 

1 

Ji 

0 

0 

J2 

5 

1 

29 

44 

71  111 

95 

79 

55 

31 

10 

4 

534 

■DODGE  Cm.  XAJtSAS 

Jan  Feb  Mar  Apr 

Jon 

Sep 

Oct  8bv  Dec 

0  1  2  4  13  121^10-6  2  O  0 

0321  8131311420  0 
002312  10  674200 

103558  8  135220 
002  98111468100 

1  0  1  12  11  10  12  14  5  01  0 

01  0  4  11  10  13  84  5  0-0 

0  02  7  61112126100 
0006910491710 

0  0  i  i  8  10  10  14  2  0  0 

3  5  15  55  91  105  104  104  47  S  4  0 


EUREKA ,  CALIFORNIA 


Jan  Feb  Mar  Apr  Mar  Jon  Jul  A 


Oct  fc»  Dee 


000000010 
00?030000 


0  0  0  0 
0  0  0  0 
0  10  0 
0  110 
10  0  0 
2  0  0  0 
0  0  0  2 
0  10  0 
5  J  I  5 


0  10  1 
10  10 
0003 
10  12 
10  0  0 
0  0  0  0 
10  0  0 
0001 

4  13  7 


LLKiiU 


TABLE  IX:  (cont’d) 
HELENA.  HONTAXA 


Jan  Feb  Har  Apr  Hay  Jun  Jul  Auk  Sep  Jet  Soy  Dee 


0  0  0  1,  6  9  10  13  3  1  0 

0004  6  1112  12100 

1  01  0212  16  17  220 

0101  5  13  17  5400 

000085107300 
0  0  0  2  10  10  12  10  1  »>  1 

10007897010 

0001  510159310 

00.03  99  13  10  100 

0  0  1  3  9  6  18  2  10  1  0 

2  I  '  2  15  67  93  132  92  28  l  1 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


KANSAS  CITT.  MBSCUMl 


Jan  Feb  Har  Apr  May  Jun  Jul  Ana  Sep  Oct  Nov  Dee 

102  27  15  5«  43  2  2 
01  81511156321 

10396  15  353420 

102365565410 
0  06  3  10  14  4  1123  2  1. 

1  1  6  10  12  6  812322  0 

0  1  3  7  10  10  11  9  6  1  0  0 

03548  14  874141 

110676965501 


LINCOLN.  NEBRASKA 


m  Fob  Mar  Apr  Hay  Jun  Jul  Am  Sep  Oct  Nov  Dec 


1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

2 


0 

0 

0 

1 

■'i 

0 

0 

1 

0 

0 


1 

0 

0 

6 

5 

3 

1 

3 

0 

r 


2  1/ 


2  12  14  967700 

6412676120 
9911725700 
0  566  10  7410 

41112  10  8801  1 

59  18  6126200 
6  5  814  10  4200 

2  11  11  642100 

797859421 

4  Jt_l  11  J  i  J  0  0 

46  79  104  93  72  57  31  5  2 


TABLE  II:  (coat'd) 


worth  gag,  vashiwctow 

J^n  Feb  Mar  A  or  May  Jun  Jul  lu»  Sep  Oct  War  Dec 


Mar  Jun  Jul  Au 


0  02  A  10  10  13  55400 

000331612125100 
001  67  15  13  75300 

0022681306600 
01  1  5  14  13  12  H  9  001 

0102  13  10  18  165000 
0003612  15  127000 
00168  15  973000 

0005U10  1624200 
0  0  1  _2  3  *  13  10  2  0  0 

0  2  8  38  81  117  132  90  54  13  0  1 

OKLAHOMA  CITY.  OKLAHOMA 


TEARS 


Jan  Feb  Mar  Apr  May  Jun  Jul  Aux  Sep  Oct  Mot  Dec 


0  4  2  3  15  10  6  6  3  2  0  2 

134167  10  52210 

001899713312 
133285444220 
0444614337000 
132787842430 
0208  10  624  5200 

122629595311 
002667595800 

°J2_2-i_2_2  6  u  j  j  1  0 

421205177  $3  5^55  40  31  95 


H  otr- 


TABLE  lh  (coat'd) 
OMAHA.  NEBRASKA 


Jan  Feb  Mar  Apr  Mar  Jim  Jul  Au*  Sep  Oct  Not  Dae 


2012  13  912*7800 

001839986120 
1005  10  14676600 


01  427  10  47 


5  10 


0034  13  91177111 

112312  15  995110 

0016614  18  124000 
0  04  31010124  7  1  0  0 

0013  10  119  5  8421 

0  0  _2  i  6  Jl  12  _2  _5  0  0 

4  2  19  40  87  107  99  79  59  32  7  2 


POCATELLO.  IDAHO 


Jan  Feb  Mar  Apr  Mar  Jun  Jul  Au*  Sep  Oct  Nor  Dee 


0 

0 

0 

1 

9 

3 

7 

4 

4 

1 

0 

0 

0 

0 

0 

2 

5 

9 

3 

7 

3 

1 

0 

0 

0 

0 

2 

0 

4 

5 

8 

11 

4 

0 

0 

0 

0 

1 

2 

3 

5 

1 

9 

9 

1 

0 

1 

0 

0 

0 

0 

0 

8 

3 

6 

13 

5 

1 

0 

0 

0 

0 

1 

2 

5 

* 

8 

1 

0 

1 

0 

0 

0 

0 

0 

3 

1 

7 

9 

9 

* 

1 

0 

0 

0 

0 

0 

0 

2 

3 

7 

3 

2 

3 

0 

0 

0 

0 

0 

2 

5 

5 

8 

12 

3 

2 

0 

1 

0 

0 

0 

3 

4 

0 

7 

6 

11 

1 

0 

0 

0 

1 

5 

16 

48 

44 

72 

?5 

35 

11 

i 

i 

PORTLAND 

OREGON 

Jan  Feb  Mar  Apr  May  Jun  Jul 

Sep  Oct  Not  Dee 

0  0  10  10 
1  0  0  0  3  1 

0  0  3  0  0  3 


1  0 
0  0 
0  0 


000003020000 
000010100000 
000021100  0  00 
000025000100 
120010021110 
010251112010 
00111_110_6000 
235315  15  5710320 


Jan  Feb  Mar  Apr  Kay  Jun  Jul  Aug  Sep  Oct  Hoy  Pat 

1  2  5  4  15  15  U  14  5  3  24 

00669  16  15  75532 

103  11  10  15  *94710 

1254127994*21 
0  3  10  11  12  15  7  4  13  1  3  0 

133  10  88  9  16  2450 

01  5614  15  335520 

1*3  27  12  72832  51 

100848  13  85702 

5  14  45  74  104  111  83  90  47  41  23  10 


MODAL 


\  -O  V 

k*  «  *  y.  jt 


.  t 
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TABLE  IX:  (cont'd) 


TATOOSH  ISLAND.  WASHINGTGB 


Jan  Feb  Mar  Apr  Kar  J 


Sap  Oct  Nov  Dee 


0  0 
0  0 
0  1 
0  0 
0  I 


0 

0 

0 

0 

1 

0 

3 

3 

0 

0 

0 

1 

0 

0 

0  , 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

2 

0 

0 

1 

2 

1 

1 

4 

0 

4 

2 

5 

4 

7 

OPERA. 

KANSAS 

Jan  Feb  Mar  Apr  May  Jun  Jul  Au 


2 

3 

2 

3 

12 

18 

7 

6 

9 

4: 

1 

2 

0 

2 

5 

8 

7 

10 

13 

5 

7 

5 

1 

1 

1 

0 

2 

8 

6 

12 

4 

5 

2 

6 

2 

0 

1 

0 

5 

2 

6 

6 

5 

8 

6 

3 

1 

0 

0 

0 

5 

7 

11 

12 

8 

2 

6 

3 

1 

0 

1 

0 

4 

9 

9 

9 

12, 

12 

3 

2 

2 

0 

0 

1 

0 

5 

7 

11 

9 

10 

10 

1 

0 

0 

0 

1 

2 

9 

7 

11 

9 

10 

7 

0 

1 

1 

1 

0 

0 

6 

8 

6 

9 

7 

4 

6 

1 

1 

0 

0 

J. 

A 

Jl. 

_5 

A 

_2 

J 

-2 

0 

0 

6 

7 

28 

55 

78  100 

80 

74 

59 

37 

10 

5 

VALENTINE 

.  KANSAS 

Jan  Feb  Mar  Apr  Mar  Jun  Jul  Au*  Sep  Oct  Mot  Dec 


001169998500 
0001213  10  76100 

0004612854300 
000425  10  911300 

0011  6  8  10  92000 

0000  13  8  15  91000 

00036  13  16  10  2100 

00246  15  16  83200 

00068610106300 
0  0  2  2  i  10  12  10  3  1  0  0 

o  0  7  55  ?3  99  H5  3S  46  19  0  0 


O  ft  l»> 


TABLE  IX:  (cant'd)  ,  • 


WICHITA.  KAMSAS 


TEAHS _ Jan  Tab  Mar  Apr  Hay  Jun  Jal  Atm  Sap  Oct  Nov  Oec _ AWgjAL 


1949 

1948 

1947 

1944 

1945 
1944 
1943 
1942 
1941 

12&° 

Suns 


123713  9721  9401 

0  2  3  J  4  11  11  6  6  51  0 

0  0  4  6  26  14  6  5  3-6  1  1 

10558*764321 
014*9139811001 
11  5129810124230 

0115  13  9767400 

02585  18  *77201 

2017785144701 

0  0  _6  _3  _* _ 8  _2  _8  5  _8  1  0 

4  9  37  7D  92  104  77  $3  w)  41  8  i 
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TABLE  Is  HAIL  CA1S33G  BAJ-2AGE*  TO  B.S.A.F.  AIRCRAFT  IS  FLIGHT,  Jan.  19h6  thru  Hay  19UJ 


Aircraft 

5ae? _ 

Location 

Date 

Tine 

Flight 

Altitude 

~THT 

Heather 

P-51 

5  Hi.  Sw  3ellville,  HI. 

h/7M 

1500C 

2,000 

10/10  altrostratus  bases  at  12,000*  j  lower 
5/1D  cumulus,  bases  at  5,000*.  Light  rain 
showers. 

C-ltf 

Stuttgart,  Ark. 

S/u/lit 

20L3C 

25,000 

Thunders  team. 

C-li7A 

15  ad.  JJE  Greel7,  Colo. 

SJW 

1652: 

8,500 

Scattered  thunderheads  in  area.  Rain  show- 
ers,  ceiling  1000*,  visibility  3  to  5  ad. 

TA-263 

Fonda,  Iowa 

6/16/16 

15L5C 

5,5oo 

Cumulus  clouds  and  thunderstorms  in  area. 
Slow-coving  cold  front  with  cunulonlnbua 
activity  in  front  of  storm. 

3-25J 

hO  ni.  HE  Springfield,'jo. 

Ji/6/liB 

203CE 

— 

Thunderstorms  in  vicinity. 

A-26C 

35  ad.  NE  Fine  Bluff, 

Ark. 

htW 

1600C 

lt,000 

Scattered  thunderstorm  with  12C0*  ceiling, 
heavy  rain  storms,  stratocumulus  and  swell¬ 
ing  cumulus  bases  3,000  to  1»,0CD*,  tops 
6,000  to  10,000*. 

C-h7D 

Clovis,  Hew  Kexico 

5AoAB 

2015H 

6,000 

Thunderstorm  obscured  by  scuds  and  clouds 
at  night. 

3-291 

liO  rd.  E  of  Dallas, 

Texas. 

10/30A7 

0100C 

12,000 

2A0  altostratus  clouds  17.000',  lower 

2A°  stratocumulus,  bases  0,000',  tops 

5,000*.  Scattered  thunderstorm  ahead  of 
cold  front. 


*62.5*  of  aircraft  sustained  major  dmage. 

Source  -  The  Inspector  General,  Headquarters,  T.S.A.F.,  ’Washington,  0.  C. 


TA3LE  XIj  HAIL  CA'JSEJG  OKA! &  TO  O.S.A.F.  AIRCHAFT  2K  FLIGHT,  Jaw  lSi.fi  thra  H*y  1950* 


1 

Cloud 

Cloud 

Flight 

Base 

Top 

•craft 

Altitude 

Turbulence 

KSL 

M3L 

•fee.  . 

KSL  (ft.) 

Encountered 

(ft.) 

(ftJ 

:-!i6D 

5000 

Severe 

3XO 

10,000 

Iftiknown 


v/iF-SOA  30,000  Violent  Unit. 


Weather  Conditions 
In  Area  of  Kail 

Broken  cirailas 
clouds  3000*  to 
10,000'..  Hall. 


Hals  showers  be¬ 
neath  clouds  with 
bail. 


25,000  Moderate  TMc. 


'7-51  17,000  thrown  5500 


Above  lowering  cnnulus. 
30,000  Hall  stems  In  front. 


Overcast,  lightning 
'in  thunderstorm. Hall. 


Thunderstorm  and 
bail. 


25,000  5500»  overcast. 

Hall  beneath  base 
of  clouds. 


Be  suiting  lanage  to  Aircraft 


Asirodtzae  dented.  Bed  ptM- 
ing  light  and  pilot's  wind¬ 
shield  broken.  Tuning  ^dge 
of  each  wing  dented. 

B  A  windshield  broken,  lead¬ 
ing  edge  of  each  wing  and 
edges  of  vertical  and  horizon¬ 
tal  stab 11 leers  extensively 
dented. 

__  Garaged  air  duets.  Leading 

"*  edge  of  each  wing  A  edges  of 
vertical  &  horizontal  stab¬ 
ilizers  extensively  dented. 

Rose  cowl  It  wing  tips  dented 
A  lights  broken.  Leading  edge 
cf  each  wing  &  edges  of  ver¬ 
tical  A  horizontal  stabil¬ 
izers  extensively  dented. 

«4 

Air  duets  dented.  Leading 
edge  of  each  wing  and  edges 
of  vertical  and  Horizontal 
stabilisers  extensively 
dented. 

Cowl,  Ignition  harness  A  wind¬ 
shield  damaged.  Leading  edge 
of  each  wing  A  edges  of  ver¬ 
tical  A  horizontal  stabilis¬ 
ers  extensively  dented. 


\ '8L«  of  aircraft  sustained  najor  damage. 
t'->See  notes  at  end  of  table 


Source  -  The  Inspector  General, 
Headquarters,  U.5.A.F.,  eashlngtcn,  XL  C. 


(eont.) 


HAH  CAUSING  DAEAGz  TO  'J.3.A.F.  AIRCRAFT  Di  FLIGHT,  June  192*8  thru  Vzj  1?$C 


v  Aircraft 

Jteg-. 

AT-ll 


Flight 

Altitude  Turbulence 
MSL  (ft.)  Encountered 


Cloud  Cloud 

Rase  Top 

ksl  MSL 

(ft.)  (ft.) 


Leather  Conditions  Resulting  Parage  to 


7000 


L-ever- 


'Jfck. 


link. 


tv-'* 


B-29A 


lowering  cunulus  Plexiglas  nose  and  passing 

clouds,  rain  and  hail,  light  broken.  Leading  edge 
broken  clouds.  Air-  of  each  wing  and  edges  of 
craft  passed  between  vertical  and  horizontal 
two  sections  of  ver-  stabilizers  extensively 
tical  development.  dented. 


16,000  Severe 


25,000  Stratiform  clouds, 

no  evidence  of  thun- 
derhead. 


m  ?-82E 


25,000 


Severe 


lYik.  Unk. 


Lightning,  clouds 
lowering  cunulus 
and  cunulus  nimbus. 


3-2? A 


10,000  Severe 


Ihk.  link.  Thunderhead,  rain, 
and  hail.  Aircraft 
flew  into  the  roll 
edge  of  the  thunder¬ 
storm. 


13-293 


9000 


Lone 


LYk.  Ihk.  Thunderstom 


i  ■ 


p 

v. 

V. 

I  * 


Eng.  ring,  cowling,  distrib¬ 
utor  housing  and  tubing. 

Leading  edge  of  each  wing 
and  edges  of  vertical  and 
horizontal  stabilizers  ex¬ 
tensively  dented. 

Air  scoops  and  prop,  spin¬ 
ners  damaged.  Windshield 
broken.  Leading,  edge  of 
e.ch  wing  and  edges  of  ver¬ 
tical  and  horizontal  stab¬ 
ilizers  extensively  dented. 

Dents  in  turret  cover. 

Debts  In  nose  section  and 
all  engine  cowlings. 

Dents  in  ignition  manifold. 
•Token  cooling  fins  *1*  en¬ 
gine.  Leading  edge  of 
each  wing  end  horizontal 
staoillsers  extensively 
dented. 

Damage  to  28  cylinder. 

Dents  in  propeller  cuffs. 

Damage  to  all  ignition 
harnesses.  Leading  edge 
of  each  wing  and  edges  of 
vertical  and  horizontal 
stabilizers  extensively  dented. 


TAX£  XI: 

HAIL  CAUSr:3  DAMAGE  ?0 

•*  c  *  T 

. 

ALHCHAFT 

21  FLIGHT,  June  19l»S  thru  Kay  1950  (cont.)  , 

-  - 

Flight 

Cloud 

Base 

Cloud 

Top 

.  - 

Aircraft 

Altitude  Turbulence 

KSL  , 

Weather  Conditions 

KSL  ( ft. )  Encountered 

(ft.  5 

•ft.) 

in  Area  of  Hail  Resulting  Garage  to  Aircraft 

Cold  frcnt  thunder- 
s  tom.  Heavy  rain. 
Hail  size  of  golf 
tails. 


13, COD  Scattered  clouds, 
light  rain  showers, 
hail  encountered 
below  rair.. 

He.  Heavy  rair.,  thun- 
derstom.  Kail  en¬ 
countered  entering 
cold  front. 


light  rain  changing 
to  hail. 


Ihunder stern.  Heavy 
hail  stem.  In  hail 
3  sin.  elir.bing  at 
1  COD' /sin. 


hose  section  cracked.  Tail 
surfaces  damaged.  Wind¬ 
shield  shattered.  Leading 
edge  of  each  wing  and  edges 
of  vertical  and  horizontal 
stabilizers  extensively 
dented. 

leading  edge  of  each  wing 
and  edges  of  vertical  and 
horizontal  stabilizers 
extensively  dented. 

1/3  de-icer  hoots  torn,  oil 
cooler  failing,  and  1,  2,  3, 
and  L  carburetor  intake 
danaged,  astrodone  broken. 
Windshield  broken,  leadls* 
edge  of  each  wing  and  edges 
of  vertical  and  hcriscntal 
stabilizers  extensively 
dented. 

Astrodcre  cracked.  Lead¬ 
ing  edge  of  each  wing  and 
edges  of  vertical  and  hori¬ 
zontal  stabilisers  extens¬ 
ively  dented. 

L  prep  spinners  danaged. 
De-icer  boots  on  prope  de¬ 
stroyed,  Holes  in  radar 
dene.  Leading  edge  of  each 
wing  and  edges  of  vertical 
and  horizontal  stabilisers 
extensively  dented. 


TAHLS  II* 


Aircraft 


»-25 J 


T3-2SJ 


TB-25J 


TB-2SJ 


Jjj  I3-25J 


:3 


HAH  CAUSIMG  DAMAGE  TO  U.S.A.F.  AIRCRAFT  HI  FLIGHT,  June  1918  thru  .’!ay  1950  (cent.) 


Flight 
Altitude 
ISL  (ft.) 

Turbulence 

Encountered 

Cloud 

Base 

!SL 

(ft.) 

Cloud 

Top 

MSL 

(ft.) 

’.-leather  Conditions 
in  Area  of  Kail 

Resulting  Damage  to  Aircraft 

9000 

Light 

5ooo 

link. 

Thunderstorms.  Hail 
encountered  2  ni. 
in  front  and  h  mi. 
from  center  of 
thunderstorm. 

Rt.  4  L.  windshields  cracked 
and  broken.  Leading  edge  of 
each  wing  and  edges  of  verti¬ 
cal  and  horizontal  stabiliz¬ 
ers  extensively  dented.  Land¬ 
ing  lights  broken. 

12,000 

Moderate 
to  severe 

Ihk. 

link.' 

Thunderstorms  all 
quadrants.  Sleet, 
snow,  and  hail. 

Plexiglas  nose  broken  and 
cracked.  L.  landing  light 
broken.  Leading  edge  of  each 
wing  and  edges  of  vertical  and 
horizontal  stabilizers  extens¬ 
ively  dented. 

7000 

Light 

Uik. 

Link. 

Thunderstorms, 

Kail  encountered 
below  stoxru 

Air  ducts  damaged.  Leading 
edge  of  each  wing  and  edges 
of  vertical  and  horizontal 
stabilizers  extensively  dent¬ 
ed. 

5000 

Moderate 

2000 

10,000 

Thunderstorms, 

Hail  encountered 
near  edge  of  storm. 

Hose  glass  cracked  and  wind¬ 
shield  cracked.  Leading 
edge  of  each  wing  and  edges 
of  vertical  and  horizontal 
stabilizers  extensively  dented. 

12,000 

noderate 

Uik. 

Uik. 

Broken  clouds. 
Thunderstorms. 

Hail  encountered  in 
area  between  2  thun¬ 
derstorms  1000*  be¬ 
low. 

B/L  outer  wing  panels  badly 
dented.  R/L  Ignition  hariiesa 
cracked.  R/L  landing  lights 
damaged.  Leading  edge  of  each 
wing  and  edges  of  vertical  end 
horizontal  stabilizers  exiena- 

ively  dented. 


TABLE  XIs 


Aircraft 


HAIL  CAtSUJG  PAIUGE  TO  U.S.A.F.  AIRCRAFT  E!  FLF-HT,  June  1^8  thru  May  1950  (cent.) 

Minor  Accidents 


night 
Altitude 
HSL  (ft.) 


^  C-Jj7A  6500 


T3-25J  11,000 


Turbulence 

Encountered 

Severe 


Severe 


Cloud 

Base 

!-5L 

(ft.) 

tfck. 


6000 


Cloud 

Top 

}SL 

(ft.) 

Safe. 


Weather  Conditions 
In  Area  of  Hall 

Stratus  clouds  ob¬ 
scuring  thunder- 
heads, 

lli, 000  Broken  clouds  ctrru- 
lus.  Thunderstorms 
In  area. 


C-lt7D 


L500 


Hone 


5500 


Unk. 


i 


F7.  C4i7D 


8500 


Hone 


9500 


IWc. 


Thunderstorms  in 
area.  Hail  storms 
encountered  in 
light,  rain. 


Rain  showers,  Hail 
encountered  on 
fringe  of  rain. 


B-25J 


8000 


Hone 


IMc. 


Rain  shovers  in 
area.  Hail  occurred 
in  light  rain  shower. 


Resulting  Damage  to  Aircraft 

Rt.  elevator  fabric  ripped  and 
punctured. 

Plexiglas  nose  broken  and 
cracked.  L/R  landing  light 
glass  cracked.  Cowl  assembly 
slightly  cented.  Ignitor 
harness- dented.  Slight  dents 
in  leading  edge  of  air  foils. 

Astrodome  broken,  holes  torn 
in  elevator  fabric.  Broke 
right  landing  light.  A  few 
dents  in  leading  edge  of  air 
foil. 

Windshields  shattered  and 
astrodcr.e  broken.  Hose  sec¬ 
tion  dented.  Hole  in  fabric 
of  elevator.  Slight  dent*  in 
leading  edges  of  air  foils. 


R/L 


Plexiglas  nose  cracked, 
wing  landing  light  &]  «ss 
broken.  Glass  in  upper  wind¬ 
shield  broken  out.  Leading 
edges  of  air  foils  dented. 

noESi - 

1.  Duration  of  flights  in  hailstorms  were  estimated  at  between  25  seconds  and  3  minutes. 

2.  Sons  degree  of  turbulence  was  observed  each  time  that  hail  was  encountered  within  a  hailstorm. 
Ho  turbulence  was  experienced  when  hail  was  encountered  beneath  cloud  bases  and  in  light  rain. 

3.  In  each  Instance,  damage  was  imiicted  on  leading  edges  of  both  wings  and  leading  edges  of  both 
,  horizontal  and  vertical  stabilizers,  with  or  without  additional  damage  to  other  areas. 
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